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PROBLEM TO BE SOLVED: To 
realize increase in the writing rate 
and reduction of the writing voltage 
by improving the injection 
efficiency of channel hot electrons. 

SOLUTION: In this nonvolatile 
semiconductor memory device, in 
which a floating gate electrode 3 is 
overlapped with a part of a drain 
region 1 1 b, a region having a 
constant impurity concentration Nd 
horizontally laterally along a 
channel longitudinal direction is 
included in the overlapped part 
Since the peak position in an 
intensity distribution 31 of a 
channel longitudinal electric field 
generated in the vicinity of a 
surface of a silicon substrate 1 is 
much shifted inward of the 
drain-side edge of the floating gate 
electrode 3 in a data write mode, 
hot electrons generated can be 
injected efficiently into the floating 
gate electrode 3. 
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tt. *«>1 5K»2 2nmtS.S. ®IWy-b«ffi5 

(i. *«>1 5 0*^$«j3 0 0nm-C*4. iiX^><0»E 

[0049] itfo^tty-fe/Wi. vynyssirttjg 

bt. i/v^ymLmzmmti, y-xiwi 1 a 
t fw y^«i i b b<rmz{m?hi-x*Mmb 
tmtx^t. *mimmtz}5vz>v-xffii&i i ati 

1 <^fflig^fct5V>T 5 X 1 O 19 * 1 ^ 5 X 1 0 2 ° c m-3 
50 (OfiBSf fctSV^t 5 X 1 O 16 * 1 ^ 5 X 1 0" cm-^t 



(9) 

1 5 

[0050] mmm^mm^mm^m. m&y 

-hmffi3**KW>-««l lb<D-gfr»- (OT. r^- 

MUEtt* 5xl0 19 K5xlO»cm-3tfcS.% 

HB«^*^kR*rtt«-»TfHiL«r9->(X (L 

o»i ) tt. *IUeB!B-C«. 50nmM100nm(?) 10 

LoNiiDi>7 0nmgJgfc*;£V\ s|W*-9 <y7"£ 
( Lovr ) Ji. **M9Bffii<0^-V*^ ( Lch : 4 0 0 
nm) 0>®40%&fo?kt&. 

[0051] mtn*Mm£?mimm£mz&^x 
i> . &my- mis i 03#fw v&wy^mh * 

j? aw- Mis i o 3 <y*j£&(3?aw- mwi 1 o 3 

1 0 1 fiZW^£mMt&Zt£i'?X&fSL2tifi: 

&my-vm£i o 3<oxy^-arfi[g*^^ 

•y TSfrfl-co^ ^;Wfi*|6lfcja-?-Cifai Lfc*-A-5 
•yT£ (Lo.i) ti. -£WfVY?-**;l£0)i 5%gJg 
CTFtMr^. 30 
[0052] *Hig»<s^»%tt^(*ie^S{i. 

Sjfiy-h«ffi3«T*tJ3V^-C. fi!*tt»*^KS'J§ 
IxtttmrayrJiVttLXti*). -eocikfcrio 

[0 0 5 3]*>F#^tt¥««S^MT{±. KWV 
ffi«l 1 b<0-gSih^Si»y-bWi3^)Tfc:«*|6l^ 

?*>&g (mMmszA) ??i®y-h«g3^x 

•y v*»A.-^-v*;Hi«©+*a5fc:|fi|36»o-C . 40 

[0 0 5410314. FMHN1 lb«j|w<— 9 
•yTS^£7)|!)fiB18jS. *^#<0*l$!fei&g$tf|i. i>4 

«gll*»oTJHWdi^UT ,FH y{S$ lib 50 



£H¥1 1-345888 
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fSB*»fciWLfc»5 Xjli. FWVf 

ttii lb^jpseffiSLTV^. *2&ttJgSrci4. ^<r> 

?14. s^U a yfflg 1 1 h y*>H6RBt2 1 o-frffifcfc 

«^fiabTV>4«dlBB«cJ:<itf. 
»y-h«fli3<0T;frfc#ttLT^Sfc#>. WW 
<0ffiT£»S!l Wrt^fe ,FW 1 1 b 

<o PW ^««^Ji£aJ^**HB8imrcJi r n-x? 

^ay^lfl&jSl^ftfl-fc^fc. KWVf«ll 

bmmiftTt> viol yvwm<m*2ti. fw 
>naii i bcoi^gattcfettsf-^^^iiiim*^ 

T$tfTi>. ft#5r*£Stf>*ybxi^hoy$££^ 
[ 0 0 5 5 ] 04 ( a ) J4. *£fft»E& vv? y 3 

i nmmmzjmzti& ^^nmM^ 

Wlfttttom 1 tMmMzjjkLX^h. H4 (b) 
14. ai^fi£*<0^lfett^*E^Mtt>v^>-U 
ny*Kl 0 lo^®tm§ftSf-v*;l-£*|6|«* 
^3feg[^lBlS4 3^^tl«rtC^LT^S. 04 (a) 
tJitf (b) J: 3 fcr. 3*^IM9g@trJ:til^ 

yy 3^«s i (mmm&znh^w&mmR 

^ hx w 9 ho y^±««?rJ£< S 3 £ fc K^r 
0. !6iLfc* yhx^^hny^$»S<ffjay-h 
mffi3t±oTt^i.S£i:*f5rtgfc?J:S. 

t3Wfitty-hWil0 3taEA**if. *i5»#Hl^ 
>ffi£l 10tcg£h.i2XTV^i:#i.ii><xS„ £*lt 
*ftT. *HSS»«S"C«. *-yhxWhoyco8£-f 
*fiB*«EWWKBy- hBffi 3 <0x y i&m>S>* 

v*/im®<7)*$&ijmzis7h$-£. ztuzx^x. 

WiLtiXv hxw hny^<5rJ?iSy-hmfii3 
[ 0 0 5 6 ] =5:13. *-/<-9 77W ri^Hi^j 



17 

Tf-*fc». 04 (a)«0fim4 2tC*StiSJ:a^ 

[0057] *HitB®«§lstiii.(f . tf^S^Wtt 
5fc7*»69V. y-X«*l 1 afcilf^yaySlR 

a. v-xmu i afr&ajfcwm, 

£ KM y««l 1 b fcrtfroTSHLanatef-*** 
««rt«^*/WI;frl^#a^x;M^-£ii8 U 
KM >1i«l 1 bi03ga!t:t>{tSaS#««T*>/ K 
xw?huyfc&*K isV3ymS.ith>*i\J&m 

2 tofsmmzmtxfmy- hm& 3 tc&ASfc. 

6. ««UsJ:3fc» 43tMRla3att:J:*itf, KV 

^7 h m^x*/Mf-#ft#fcji< 
«0T\ x*;|^-Oi^«?#S>a^-h«g3fc^ 

[0058] *5p»l6tt^*£^at J: fUf, ?1* 
IWm. ®J«iy-K«ffi5t:-6*^-8V. KWy 
««1 lbfc5*>£>6V s V-Xffi#l lafcjtf^y 
3V««ltOVcomESr9]JnLfettSITllfT$tLS. 

h y*/netug 2 rt$:a^.i. k y*>vmmz 
£r,x#my-hw&3ft<7)m : ?&vi'J >m&i ib 

£3l#ft<. m^Ky*A^»iKy*;i46tilg2rt 

&w?&A<o®Mt . ffimtmtm&wm h y* 

hfm3izwmzti*:v?zv-xffl£i i a^i#tt 
< ^ ->THtfr s - fc *>-»rfgT-j> & . 

[0 0 5 9] 05 (a)~(d) iMfL&tf 

[0 0 6 0] 05 (a) fcj*3*lSJ:5fc, 

3 yg« i <mm<oo fri&mt z&mftzmo 

~?X7 5 1 ZBtfLtZ. ZV>~?X? 5 1 li, fllifcf y v 

0.3frt>0.4umTfoZ>. 

[0 061]<}Ct. ^Ur»yS«l<^ffl<09^-?X^ 
5 1 IzWbKXtc^ffimzft LT nS^ttifti: LT 

(As) -f*y£&A^S„ 4*>*AsaaEx*/Wf 
tt. #U.{f2 0*^4 0keV. K-X&te, 04;tH:5 
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xl0 14 H5xl0 15 cm-2ti>5. -I?l/C. 05 
(b) iZK-fidiz. y-*«*l 1 aiiWKHy 
S« 1 1 b l fcrjB)£§iiS . 
[0062] V*?5 li>«fctfft^fc)g5 0£Rfc*l. 
fcft. 05 (c) fcTj^ilS.kdfc. IfcgHbtfefcioT 

^#fl^isi^iithy^i^isjS2^j£-r*. i 

»8L ffj»y-h«ffi3t^S^l<0^|ga^yay|S 

3* ^^wMffififc^ftti h >*mmm2±.iz 
mt?&. mi<7)m£kisV3>m3' ±iz®wmm 
io 4Sr«&£U:&. $n»y-h«ffi5fc^^2<o^f B 

4±t«S"tS. 

[0063] ifcK. 05 (d) fc*S*i£J:?fc:. 

5' ICMLfc^ ^fcoK^xyf-y^SffiS-fB 
*vc. S^co^te&^yayjg. §«6SIS4tJj:^ 

I ^gifts' 'J n y& 3' £*fifc>**--y7^-*. £ 

20 [00643 1/y'X hVX? 5 214, V-*«« 

I I ao-g^ tsitf KM y«Sl l 
b<7)-3temo£otzBf8.2tli>. KMyflWUlb 
V>o*>isi;xVvx?5 2\ l zZL*?XWbtihfflt1fi. K 
M >mm 1 1 b «y 7^7><W>f X ( ^~ 
A-7>yX^Lo»R) 

[0065] ^tt*ljSttfl:^i6<0Tx-;Hi. lUn 

mmm *y<om,®izm&&m<omxmfZii 

h. Z<r)7--Mz£r>X, V-Xffl&l 1 afcitf K 

m y«« 1 1 b izitttiz nmTpmnmiT^mict 
-7 ■? -m^^x^vm^iiz^xmk ttz*H 

X. -«:i5^3rwv-7 771 ( L.«r ) «k 0 
HbSSHzX o TT«^< ,y'J3 >WK 1 <^ffl*^aEA 

mm£&->X$ttt.LX\^Zt\mo*X'%>+j:\\ 

mmzk ^xwmw$ffi-**fi<m[piiz®^x& 

{kt&mZVSSIUzlsAsT^h. 
[0066] 4^Q«JBffi^S^t<J:ixJf , 
hW&3C0&fSMt,Z. V-Xffi®l 1 at5iT/VV4 > 



( 

1 9 

x (lovr) ii. km i b<ri^m»<m&.& 

*>. si-mamx-i,. mat. ^mmm?** 
^vmmzm^xm^zw&Lx^h i>(ot%t t>ti 

[0 0 6 7] 02c9§S«i. StUfcli. HK&h.'OvSr 

^mmimmizmhttxm . ^mmtmw^^ax 
mnizwmizimztix^h. zti^mmmm. 

i o o 6 8 i <lo x o %^w&mmimm)iz xti 
a. s#a*3Ee^ar< mta. ioi-swxfiz) 
#^a^«£E^fi< {mttf. 4. ov 

HTfc) fc"C*4. >fWI*ig«D#*itf 

*t\ffl&<?»t>$&t: m.tz®®& m£*t txumt 

%&®miiLX^Z>tz#>. V-VFWWfli 
M*fcit«^l^*38fi^4 italic* 

[0069] (m2mmm) ar. ®6zmiii% 

jpfcMMRc i S4^Sfl^flia§§gH<9Sg2<o0t& 

MOSl777J'JiEEPROMtS>| l . 

[0070] 06tc*£*t£,):5fc. 
vzymftinpsmtim&tzBilLZtix^h. 06 

4. 

[0071] *Hi»§»g<7>§£Stt. 

A,mt®f8.?$>z>cox\ ft&zjmtimmz^x 

[0072] H6 <9§£SJi. pa^*S^^^tf#t£ 

b b bx «j n vans i ±tjgjs§ h y^ti^&m 2 1 . 
v y*>\jmm2 ±.izB$LZtitz?my- mbs3 1 . 

mm±.izBtf&ivfz®wy- hn& 5 1 *m*.x» 
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s„ z\tit>?>y-hmm3ti£V50)imizii. tests 
[0073] zcmma. * 0 a ymm. 1 moms*. 

>fyfl«i ib«fit, ^Unysisirtfc»j£$itfc 
n-SffiSKV-*S&£6 afcitfn-fiflHWKM V 
•W6bfc«£TV>*. n-SfiSSV-X««6at 
nSffiSSF W >««6 b fc^Wclif^r^MM 

10 iooiA\*gmm&mm%m. iDtwr 
-YWtewauHp m ymm bco-^mk*-'* 

*tt«ji8£#. kw mmr- hw&3iz 
X ->x*-;<-7v-rztix\->%:^m& dib)^ 

J&^B8t!jJ£iyi (6b) kffl#(Wc^^<9*&%& 
20 fWf (1 lb) fcfc*X/CV**. 

[0075] *%N9BSTtt. ? T35^<^- 

+^;^*|fiIt«io-CStaiLfc^X(LovR)«. 1 

TlttlUfc-9->fX (Luni) lOOnmSSTCfc 

MS (=^«oa5^-cO«^aE§Xj=|«»5 0nm) iOt 
A-7-/TaJ^^'Jr?y*Ki(7) 

XiBlctstt&TIChttKtt. lxiO"c m->*6 1 x 
10 19 cm-3-C*ScOKlJtLT, HW>1K8^d^» 
30 j»^-b«ffi3fcS^T^^«^Ftt15ji8IStt. 
i*U:0*<. lxlO'Ocm-sjJLh'Cfc*. 
[0076] *gtH0RB£ £*Uf , KM V««<0jr- 

««skm y««i i b<rmmmm&'3y-?'? k» 

HiiSk HSStc«< -tS k . T-^OJl*iBffc*-^ 
40 *»hy*MfilMI2+lcaAL,. hy^;l46SIS2*^ 

oTWiszmv xmmmx'U. 
rgs^^a?*»jiK^±ia^irt<ofik J: a fi*t 

[oo7 7]=^ut»s<onHt,. ^icmtmmc^ 
wknmizmftu m^mmmimmzi.hmkk 
mmvMmftmztih. zcrmsuztiatx. *mm 

muzXtdi. v-x/W4y<nay?9YWs&&< 

50 mfcthiz*>tz. *-t^vrmes*mau&: 
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Lfc&. xy3yffi£lfct3jH*y£&Ai-&. big 
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[0078] WTt. 015 (a)~(c) *#«SL^ >f *y?)&AiJiax*;|^--«3 0*^6 0 k e V. H 



[0079] t-T. HI 5 (a) fc^riofc. $mV 4 ^aiAfcJoT. ^'JnvaSUcoflfflcDot.aJi 

fl^^5 0fc£;bii*:^!J3y^i±c:7*hP y-MSJt*^»t^ixT^I»^Jai1^)®St. ^ffiS 

y*X h v^-V 1 2 fcJRRUsI*. y'Jn 1 +(c ^tWH 1 1 at> «fctf 1 1 b iffltf&tl& . ffiffiJS 

*yoaAM*x*/I^-tt3 0*>£>6 0keV. F— 10 ««t{±aV^K0b*>f H-b*y^36«ff*>*lS. 
XJB45X10 18 *W>5X 10" cm-it*-*. ffiffig**fi*!ji£ifcJ16 a' i>«fctf6b' <0- 

?-v 1 2 tufakr t ^ ^ffi&timm?mM.em 6b t txvmth - t £&*#, jtoiwiraMCT 

6a' &jtf6b' mfsstii. iBttawiiaaitmbicaHw-*. ©as^m 

[ 0 0 8 0 ] 7 * h W^'X h^-y 1 2&£TS8kWm WI3m l l afcitf l l btt. 

tfJgt5 0£Bi*U:&. Hi 5 (b) tc^ridfc. F xW*»i&WMLY M>MU: ixmtttzktz 

y*;ne»R2. ?my-hnm3. mmtmrniax **. 

tflWPy-h«l536»t=Sr6«liy-MKS*«WW- [0084] ffi«&V-Xgi«6 atSilflSMEFM' 

tmm2*mfctz>xm. &my-hm.m3k*zmi 20 sfi£T%&4*yfcj:oT»j£$*i*. ztit><?*m 

/i«»ig2±t:*»f-sie. mico&tti&i'Vaym &N3RKet*-*. i«fc». ftRW^^Lfc^R*^ 

±{csfi»sjs4 fcjww-sis. w»y- fto 5 t mmmi83m£t5iihffim. fw >mt£6 bi±. 

•c®m&m4±.tztmrz>JM. tsxvztittozm w>*^\M^xms>\,zt£&h. at. fm&m 

m'j^<nvv?y7jt>ivxvi~>ymi*m^x kkm ymmi 1 b*<o^^t&fH-*fctf>*<os8 

£~>xmztih. *mmmx\i. mmy-vm&co a F^*-^x^-^9b^™caTj»Ai-*. z<r> 

m (i-**)i&i]Mz%i->xmiLiz*H x) «o. 5 ifct±y-^«*r*>HaMcafet4. l*u z\<r>x 0 

ij>t>0.6Mmk-r&. 30 ^^K^ffc^^tTfc. Si»y-h«ffi3t:J:-5Ta 

[0081] ±Mmmy-hffimw--y7cot:tb «to>*flaaFM >«*6 bo*--*-? 773 

IGMfcttJI6 a ' fcitf 6 b ' fc«fciw<-? y:r<7>e [ 0 0 8 5 ] £ik y-VFW >WW»JBfcWirr 

say-hmffisfcffias^^staeb' mtfm&ztLi. 

*-X-7»,Tm j it<W<HX(it-rt-y~/T%:)\t. [0086] (^3«0Hti^ffli) J&TF. H7$-#!HL^ 

*HJ«B®^*^. 0. 0 5*^0. 15/tmfc^S. * s ^*l&BHfc:«l:5^»l6tt i l^«cE^ia^3cO||ii[ 

±afi[S-&*)-frto. i/imSj©uT<oxw^ti>c: 40 jm»Bmr«. «feM9Bn^ewss(>. n^-^^ 

ttfh&ifi. %tl\± : T>U X'&m l Z.±$ <mfL^\\ MOSS77-y^.xEEPROMT*>&. 

[0082]^. Sie^- 3 fc fiift^Ftt^fc [0 087]H7fc^*L&J:dfc:. ^3t^®<o>F» 

i-v*/\jmo#^&mu£mwm£mixim V3>mii<vpm^i/m&£.miSLZtix^&. H7 

iz%&m&\i&-rLi>m\>\ zvztit. &xmwt xa, $-(o**vwLif>§mztix\*i:w mm 
&mmmmiz^xi>mmxb&. m.w t u -t; w^-^«±t«« s ix-c ^ 

[0083] <^fc. HI 5 (c) JC^rtidt. 

^)S««S»fcJ:tXx.y ^-A y ^ft«r^ffl^Ttfe»tt^ [0088] *Hfeg@<^SJi. ^tmmtzBjs. 

*m w*->ux<^—r- (mz -.m o o*^# 1 5 sfis>RifiM£tii®c7)«j£^^wf, H6<o^st«fc 

Onm) Qafci^gbSrBI^-bflijScOlfflMUm 50 ^Ht««C**<or. W«Ci6Wftaiaft:oV^ 



-XMii5xlO"frt,5xlO™cm-ifr&. Z\(D 
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loos^^mmkzmm^m. ( i ) mt? mtzmhrnmimmztiz . 

-hSffi33tP'KU>f yfS^-^^fc^-A-^yrt [009 5108 (a) i>±l/(b) £JtlH-Si:Jl< 

TiJ 1 ). WWStf fc^Siofc. mo7«tlU£ikJl6b& ftW^-V 

^m^zm^xm^nz-^ f^-mm j # sffi3<o«fitiB tx , ^2c^t€!tfej£M 1 1 b 

s&tix^&zt. {2) vujymmmmm&co mv-xmmnz^mt^.miLt:*)^. 

wm&^m i (o^rnmrn e b fc**«ijjffig<*>itig [ o o 9 6 1 ss 1 o^tt^tjca 6 bc^afcisgtt. 

m^%2<7xwmmi ib ki&A,x-^zzt. T-^m^>^mz^xmi(o^mmmMeb<m 

(Kmmmmi ib<o r-s&j aw»y-h«g3fc 10 lo^-ixio^cm^-c&sdktfijau^ - 

[0090] V-*Si«<0fiiJ&i. HWy« fcB3&m(i*^;2.S»*uti:^ R&MiMfSL-thZt 

com&tmuz. *mxm.<nsmm\. >ss 1 <nwm kzx^x. m\>^mmi^m2(^mmmi 

mm6aLbttm&n&mm^m2<?mm8& 1 btwmizmm<?>mm&%mt&zt&x'zz>. 

mi lafc£*X/C*i*K mi^Ftt1!rt£iJ^6a^ [ 0 0 9 7 1 *StJfcJ§«rCUU K W JHiy 

ftfc^2<^tt!8)fi6iyii i ao-gi5*«>?jay-hms -bmffi3^mfl[{w*»*>*>#>-^®«fc-^Hw>f > 

3CJ: ot*-A'-5 »/73*VO^. mfi£^S*t«Hj«£g|5# <352tftf^S&ty! 1 1 

[00911 T-^##ii*fclgLTSi8^-h«ffi3 b ) fc. S*>-'-h«ffi3«OSfi[fc:jEtT*BB«fi*5h* 

co«fi*J±#i-|.t (0Ufef3. 3~5^;Pht:±^-r W ^(a^U^W^W^KW vmaiOtfiv^ 
5fc) . ^«!^^W^ffiV^l^^tt«rt£|«i6 20 ^WtCi^^Sfi^Wl^^(mi<O^I«!fij 

b<^&<fck^fflfcK^^j£$fl.6. J£fWI6b) L*>t>. m<Wtt!fe»i£fW16 

li. IS 2 <9*ttfoifcfiJi 1 1 b COX y zsip^* b <9£fcii 2 ^^RffilWSfWl 1 1 b ffi-^WftW 

tmzmv. ftmy-hnm3<?)in : izimt&. z<?>x y-bmmsiziixx-rt-j-vTZtix^h. z.<n 

o ttwaaxmazx ot\ &2<&mm®m lib id zmi&iz x ->x . r-*#£ . #ai 

£^£6ti£ff»Kk"f m^ie&iftsui y-vw^s^v^hi-^^vmrnn^^z^ 

6 b«o^-^^i^«fflixy vt^s^-e. (itx^w ^Ty7 h LKmjizm^WR-zmmhz tummiz 

[ 0 0 9 2 1 08 ( a ) [00981 3ri>. r-^«*l$fctJV^Ttt. Wi20Vf 

ymmxvz<v&®<v$am& {^y^ wmmm 1 1 bizm^mo. < km ymm zm&L 

)V) fcwl/O**. 08 (a) t>>t>bfi>h XotZ, r- 30 &P$,ftmy-bnfc3fc-t£v$t:i*fkC0^Q.ZS}-t 

mic^Ftt!M£iiS6b<^iifctj»ts i^fc^, mcattWfctmebtfYvjynsi. 

mmi. %,2<r>*wm$m 1 1 bcomta ( km £«wtsfc#>. *v F*yr* y^nzxh^yvrnv 

&:muf5#)Uh) timmuwk*t*>. mi<v* y*vy?iffmzti. y-b&m2tf*-)\sib ! 7 

mmme b t ***>\&m<?>%ftmTMmtz& ^rvx tt ? k^d^m^mm-tzt t>nrtgfc& 

ftt-cv*. zcoxo%m&<rtm&£<k£X'>x. 0 s. 

4(a) fc*-tj: o%m^n#K-?mtf&tih. 1 0 0 9 9 1 ace:. 09 ( a ) ( b ) *#»gL& 

[0 0 9 31#f!ifcl8g-Cl±, mWF*«feifci*Ji6b 07<^H<Oi!j£friS£SWt&. 

h«B3t: J^tWxhXt*. Zff) [ 0 1 0 0 1 . 09 ( a ) fcjjcTJ: 3 fc. 

fcft. #ifi>--h«g3d«e^xSv:i:J:o'Cm MlflilS5 0fcafcnfevU3yS«l±K:7tM^^ 
l<W*E«iit«6bt:)gjSL^RS£l{i. tr^SC: 40 x 1 2£Jgj£W:&. ^'JnySISl+tt 

i:^<m2<?^m!|WliJil lbWt^Kft** mj*y£&A'tl. ?*YV i JXYtW-y\2<?>1& 

mizzxmh. m2<v*tmmm 1 1 a-^^^wnz^xmiLti^x) no. 3*- 

boigumft ( Fwyti) ^lo^teftteifeae ^0.4^111^1-?.. &*5, ^^qj^js-c^ t«>f 

brt-cts^ffi^jtsu^^. f-^^;i^ii*t*K«-r >«aAanarx*^-ii3o*^6 0kev s h-x 

Sa5^t*"C^$nSitt^S. S(i5Xl0 13 *^5Xl0 14 cm-2t-r&. i«7)>f>i- 

[o 0 94i ftmy~bw&3ff)W&imr^it^zb y&xtxix. ^vmmmw?* ywjx 

izx~>x. m&mfrt>®Kwmiz$zfcL. $^>t« ~y\ 2xmhixx\>^mmizm^mmmm6 

m) R!g«*^i.&fc. 08 (b) tvrtXdlZ. m a' tiXV 6b' iffltiLZtlZ. 

i^mmmmeb(mmm& {r^y^iv) «f- [0 1 0 1 1 7* vvitxw-y 1 2&xv®msi 
**)i>mmzfri<m'>xteTt&ztiz%z>. to 50 msozmiLt:®. 09 <b> fc***^ by 
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K2£jgfi)tt-5Ig. }#ifiy-b«li3fc^S®l<7)^ [0106] Hl0Jc*S*ti±5K. 

&m2±izmitt&xm. mi v?>bl±.£ ^ja>mLi<r>pm^tm®izBf&.ztix^&. m 

®wmmiMf8&hxn. ®wy-hwm5t%& i oni *^**y**LjNBas*rovarv^ 

<&ftl£7> ij tJ ±l/x «/^7'8ffi£Jflv vc^? io [0107] *mmmmmt. ¥¥ttfB$rtfcfl&£ 

xftfSLZtih. ^mmx-a. mmy~ hffimom A,mim®X'hh<?)x. mizimt zmmz^x 

(T-v*>um$uz®~>xmnLizv4 x) no. 5*> itfH&atu wm&kmmizwmth -r tfc-rs. 

^>o.6//mt-rs„ [oio8i^issjg<Bt^swMi, (D^jay 

[0102] ±mmy- VWm.<r>n?--yy<7)ittb - Mtfi3«tKM >ffl&<0-^lttt*-rt-7 </7L 

mv??? uLmza^x. mmy-vmmti&ms. xm. ^^-A-^ yTS&a-o+t. ^mamtf 
^mmmme a • & xve b • t<mm.hh^\i.. n *>v&m£.m~> xm&tz-fco r^-mmi v 

my-hm&3tfffim^m!e6m6b- co-gut* uttix^&zt* axt/(2) Yv^ymwMmn 

-*-y yrtt x a izmf ztih. &my- b*S3 mmoimtm^m i ^mmmme b t % ^mm 

10 0*^150nmf:^5. ^8bfcS-^-C^SCltfcAS. 3ri3. V-^St&T) 

[0103] <»c. ^--y^sn^s«y- M8@ h w >««<o«j£t mmz. ^mm&oit 

&AMx*^-Ji30*>£>6 0ke V. F-XK &^Uf&2tf)*tefe&i5cJf 1 1 at. Slt>J:^m2^ 

5xio»^5xioi5cm-2fc^-s. i^jj-^a ttm^C0f$^tthtv£&3^miimm8a.t 

tix^hmmmcywmz^ wm?mmsm 1 1 a [ 0 1 0 9 ] km y&wn*-*-? yTS&a-^as 
fcit^i 1 bi)WtfL2ti&. mms^mmmm 1 1 a ^tftB«ffl£#i x 1 o^i, 1x1 o i9 cm-s« 

fcitfl lbti. >f*y&Afi&fci£&y-h«S3fc 30 ^l^F«M£lk«6b*^j£3iiT*J'). IMF* 
ioT^-A-^ -,7$ti%fr~>tet LXi>. %<m<r> bco^Tfcli^tt1t!i«S*«2 x 1 o 18 

mmrv^xz&xmfifokmcfttib. H9 K2xi oi9cm-3co3S3c^tt^f^8b#&a 

(b) tc^-idt:. iSil&^Bj&tJcJg 1 1 afcjtf I/O*. @10*»<s>fc**J:dfc. S3<W*61M£ifc 

1 1 b<^>-a*«#jsy-h«fli3fc:j;o-c^-A-^.y H8at5j;^8bii, &my-hm&3iz£^xmm 

TZtiZ. mmtz. mm^WMSmm 1 1 aiiitf fcXMro*. KM >ISi&o*;WW<olS#(i;F*E 

1 1 btt, *fc«u aSIS 7 -xgiigfc J: U^me K 4Mft£ft<l x 1 0*° c m-3jy_h^2c^f*fi!fea:li^ 1 

[01 04] fi3Sjsy-xna6atjj:^fiiiusKw [01 1 0 ] xmmmmt. ^-^-y^rmm^ 

>mm b{±. ±m<7)£ a ^mtmimmt^m. v*n&tiiPUz®^x§mLt:*M x ( l 0 »r ) u % 1 

W*>\±. ^AfttUffSixS^^STn-feXX TUflL^^ X ( Luhi ) 10 0 nmgStt 

tt^ME1^BtCtJ<tSfiillSKWy««6btt. g2 (=^<oa5«-«0«^SXj=^5 0nm) 

i*o+*a5fci6i*^TSA^*^. zcoi d [oiii] «s»s<oE^Bt». &2.<rmmm 

^mmm^^tx^. tm.y-vmk3iizi.~yxm. <mwtmmz®fcL. m2<mwmmm.izxm 

hixx^mm.¥^ymmebco^-j<-y yr^ %tm®<?>Mymm2ti&. zv®mznx.x. *m 

mz^ ^*>\,mfoizwt^xiikA,ttt®m&w Nsencititf. m^vfi^foZtfSiihfflsxnnm 

[0105] (m4c0HJgJg®) KIT. ilOML 50 ^^fiS^^it-St^dJi^tl^il*. 
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[01 12]WTt. HI 6 (a)~(c) £#8BL& 6a*>J:tfffiiiJ£KH V«ttt6bfc iXWfct&Xo 



[01 13] iH\ 016 (a) (CS^-iofc. HiB** [0 1 17] 016 (c) fcii**J:3fc % 

*JX hJ *?-y 1 2 L fctl. ^ U 3 Vgfit 1 «Mc atJ XV9 b tfctl. b#>f $y$:i£kt2> . t 
b^-f *y£jiA-f&. 7* hWJXh'*f-> 1 2<9 ^^>oayJni)Sx^;^-|i3 0*^6 OkeV, 



^■y<DaEAJnaEX^;^-tt3 0*»£>6 0 k e V. H— i£fc«ktW *9 afcitf 9 btf^t 

Xm± 1 x 1 0 13 *>*> 1 x 1 0" c m-2 £<0>f 10 6ftX»*«!ttBB1«>tttt:. ajft^F*CBJt£l»« 1 1 

mm 6 a ' &XV6 b ' #J&j£3*l.S . A**— «hc»tafc'Cl**«*fcli. &&nWfcb^f *y 
[ 0 1 1 4 ] 7 * h \si?XW-> 1 2tJ«J:tXffi^ ^ftJJW^igtdial^l^bSI 

ftg?5 0£lfc£L£&. 01 6 (b) K^-iot. h A ffibtlZ. ZCOKtb. TOfifeffiaMi 

>*tHmm2. Si»y-h«Si3. ®Mtmm4t$£ 8a' feitX8b' +SgV-X«t88afc 

trai»y- h«s 5*^^ssey- hmstimm-t xv>m£ v va >mm b t iximtz x a k&s 
s. gai^(cj:-?T ik^Mmmi^fflm&m 1 1 agjtf 1 1 b 

«asifi2Sr»j^f sxg. sja^'-b«ffi3 ts-sm tiigfl^s. nm^timmm 1 1 atat* 1 1 b 

/ne»is 2±k««$-sxii. ae i e^igji.i' u =j yis fmt tx mtt& z t tc&s . 

±.£.®wmgt4 zB&t&xm. mmy-hmm5k i o 1 1 8 1 m&v-x&m agjitw&KKM 

%&m2 <r>&&&~s v n >&zwmmss&&£ x >mme b ±a<o «t 3 

•c§*te«iS4±fcitai-*xs, tstvztLbt&m ztitemto4*>\zx->xm&zixh. zti^><^u 
Kfc&awj -f sxvxvi-yrmzm^x *>m. mmimztihimem&rvtxx 

rt?--yr-rzxnt:itts-T&omk7n*:xxn£ nmtzmmtz. zntub. mmizg&u&mft 

x ^xfttf&ti& . *mmmxi±. mmy- vmm.<n mmMvg&mz&vhism. fm ymme bii, 

41 *JWWiWc»oTlt«LfclM X) (iO . 5 &A.tt&J: 0 1>^< £ 0 . *OSga8if-**;Hll 

[oi i5] ±MEBmy-htffiw-->r<r>t:ib 30 SKwy^sb^c^Fteqjji&itrs^^ssas 

<ouy/77-fxefct5v^T. f-A-*;HH«<o+*a5?r tf***Asmw*^&fofr^x®fr\zfc#*) . sja 

ttM£i5cS6a' tJJ:^6b• i:^wv-7»/7*<Og ®«T't^t^t&. U>U iO«k3=5r^tt!|«Sc 

fi£lil6a' feJ:V6b' f:c7)fi[Si>*)-***||tf$tl. WEPM y««6b^-A'-7-/7aa-fcti. f-^ 

s. ^?iay-^«fli3t^Ka@pp»«JtelWi6b• to *^*i6jfc^T«t^^miHj«s*^'fl:L^v% 

^SS^SOT^-. »100*^150nmt^S. b tSItgS-^ LTfltt&§^«&^WS: . ttRWtitf 

[01 16]<J:t^ 016 (b)tStJ:p(c.^- <tt»L=3r* i ^. ^*;W««t®iSKW'fyffi«6 
-y^Sn^asy-Mfet^vx^tLT. b^^r 40 bt<0^a5^t*'Cetl.ri:* J 5Ilgt=5:l.. 

ySraA-TI,. bS-f*yoaAJ)liax^;^-«3 0 tlzXiX. Si»y-MHi3fc:«J:oT*A-§^it i 

36^ 6 0 k e V. K-X*»i 5 X 1 O^fr/i, 5 X 1 0" SffcflffiSt&Dd 'fe. **»ti£V^fiStfc^T. 53^ 

tc. ^Ptt!|«iW18a' tei^Sb' ^jSSitS. (S [0 1 1 9 ] &*5. V-X/YV4 yWMOJWffiST 

m^ymmm 6 a • t> «krx6 b * <n $ ^ my- Ltz®. mmm^m^ xvzmmmmt'o 

4*>v-v>rmfrixi. zcot:#>. tim&mi [0120] {m5<?>mmm) &r. 01 i&mni 
mm6a- &xv6b' o-wi. m&v-xmi so %wh*m\izx&Tmm.mw&'^m<rm5<rm 



@ (^A-^i^^rrfii^oTH-au^X) tto.3 



H-X»i5Xl0 14 *^5Xl0 15 cm-2i:-ri,. i 
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MOSl777yaEEPROMt*5. J'y 3y^l0pS^flefBt^»^ft-0^. 0 

[ 0 1 2 1 ] 0 1 1 <,Zjf:Ztlh£. o fc, *Htt0fc@<^ 9Tli. #-0** y -t^tt^sm^tix^^. 31 

j^yny««iopa#^flsis«c^§n-c^&. a 

[oi22] i&wmmmt. £B& xnm&m t . ffia^«rp«Btciiw-s -fctc-r 

zii&*mM^<nm$mft£. miovmbii 10 

tytfc-p vmebhox-. waegaw-iMstov* [0129] ^mmmzmm^mt. ( 1 ) mar 

h. xts*). zm-rt-y vTUttn*^ T-mmm 

[0123] ^tmm&®m%&\s.. ( 1 ) m&y i-^^vm^nzm-iXWi^z-^) r^-fg«j # 

ymmffy-ufttx-rt-vvri, sitix^&zt. (2) h^^ymm^mm^n 

x& y % 77^4>t, ttmm^m 1 <o*K*tetwi 6 b t % ^*e«siis<oifc 

*^*JfcB^fc»^T»Wfc:--je«> r^HS« j # f^v^2<0^Hjlfctyi 1 1 b i: . Si 1 fc J: V3S2 

***ro*£fc, (2) KM>«HfcfiPFItlKUK«> ^«i|!^acoSfciift^fifcm3^^iajfel!j«8b 

i«^S&2<9*«!}!ji6ftSi:. ^lt5«J:tflg2^tt!B»16St 20 SlS^WN-7>/ra5^tfirrSfiafc:»jRSn^ffl 

SwStrSfttnfcms^ttmtWifcSr^rv^ ^ta«£^pS*«1*i&fWf 7 b£-£A/ev^c: 

Zk. tiZVO) f-v*/MS##. FMHWB* i:. fcilM4) m2<?^tofcfWll 1 bi:pM¥# 

jftgOp^FttfttefjtaTb^^-CV^itfc&S. 1 2b££tfC:i:fc:&S. 

#HIMto p S^asfctWf 7 b<0^t«8j»Sli2 X [0130] <r<On-Sffi»g*tt!|*iWf 1 2 bli, 

1 0^*^ i x 1 Oi'cm-'W. 83<0*tt!|*iW18 bcDTOBIijjftKJ: 0 tfi^ttfe 

[0124] 443tigse>£tt£s«> » ^4 crmm®. ^mmm^pmmmmm i b 

rtsmtrnwuzmftL. &4<rmHmmmz*.m <wmmm±. mmmmmizis^x. 2 x 1 

%tmmvimij<%mzti&. c\<m&izMix. #n £>ixio»8cm-3-efco. n-sffijgjg^tt^tfcii 
mamtxtix* pwmtifimihn&mvviy 30 i2bc^Ft«i*R(isJ±ixio i6 cm-3*^ixio 19 

-entioTr-^s^a^i^m^a [ 0 1 3 1 1 *nss»®«E^st . &5<mmm 

xm$3£izfa±.iiit&ztffTZ&. aaaikfimzmrtL, msammrn^mzim 

[01 25\^mmmm.*'mrrz>\,z\±. &4» sfcHa^Mfct^^fts. ^^o^cjni-T. 

mtmmmimzti^x. mwm\ e ( a > MsBsifcAfiif. n -^{sjtj^tt^s* 1 2 b«# 

*^X9Lt&, ^yayS«lfc*tLT^oy (B) 5. ifcfc. FMy«£tf)Bffi#:*SVtf:tf>. r-?m 

mypwwmi *>£&al. ttuzx^xpmm s^cj-^iis&^i. 

!M£tWi7afcJ:^7bS:^j«-ri>IS$-iSJirm{f«i: S. y-?«sS?>ffi««i. hy*;Wfeg||i2^0*^ h 

\\ znpmmm*><nmamt.immvm 40 xu^boy-^.yb^-^aAS'WWJL. fiattSr 

teiSa6at>J:V6b^^na^t6!H!|^3fy<7)aA jgfcHpLtS-£S. 

ISOfifctf-5Ti^fcff-?TtSVn p&RGIH* [0132] WTfc. 01 7 < a ) ~ < c ) £#jSUir 
^)&A&mi. W;ttf. JnjIx*/i^.-#2 0*>£4 ^lit»®WiB«SIB<7)i8Jt*ffiS:i«BtrS. 

OkeV. aAK-Xa^5xl0 12 A>^>5X10 13 c [0133] 4f, 017 (a) fc^rfidt, ^ffl** 

cm-i-Cfc*. «aS8^5 0fcg*>tl^vy3>fflSl±fc7*M^ 

[0 126] (^6<^UUg©) felT. 01 2£#!SL ^'X 1 2 fcJttftLfctl, xyaySSl't'C 

MOSS777yiEEPROMt*S. X) H0.3i)^ 0.4 umb-th. ^H. ^mmWTC 
[O127]012(^$ixSJ:3t. $gm&M<r)* 50 b^>fy<7)aAJll3[x^^-«3 0*»A>6 0 k 
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eV. K-Xililxl0 13 KlxlO'«cm-2t 

U #n y>f ?r y^aEAJnafx^^-ti 2 0 4 0 

keV, K-Xftl±5X 1 0»H5X1 0"cnr'fc 

msgxmmmta' tav6b' xxvprnm. 

WmM7a' &XV7b- mflLZtlZ. -i*V&X 
o&frli. v'JayfflRi^affitcfcttSna^fi^ii 

w^pm^mmmx 0 < &s x a tti> 

HMIti7a- fcit^b' coSNrasSJOiSK* 

[0134] y* hu-sxhW-yi 2&iV&m& 
flJt5 0£BI*Lfc&. 017 (b) C*tJ:3C. h 
y*/HetHg2. j?i»y-hmS3. §*J6»JS4*JJ: 

S. ioSW^-hfilJ&Ji. Si®HlS£fcJ:- 5 -Chy*/W 
«Myg2£®j£-t£Ig. SiSy-h«fii3i:^®l 

;PffiSK2±{cit«1-SXg. ^lo^Jgffi^'jnyK 

£6S& 2 cr)Zt£&is U n y)g£-fl?IWfflJSJIi£lc i o 
T£ftf&*aiB4±(c#8tf-SI^ fcJ:^^^<0^Jg 

JoTtf^*.*. *&IMMrcti« 8«y-hfllJtO 
£ (^^^^*|6l^oTihSaL^>fX) (±0.5 

[0135] ±mmmy~hmm<7)w--y 

sjSEy-hms3i:®is>p«iJ*£ifc«6b' 
*mmmcr)m&. 0. 05*^0. 15^^. 

[oi3 6]<Kfc. 017 (b) &jt?£oiz. 
-yrztvzmmy-himzvxrtLx. taw* 

> fcifcATS . t fg4 * y^aEAJl^x^Mf-Hi 3 0 
H6 0keV, K-Xitt5xl0"K5X10 14 

fc. nl^«ij£li8a' fcj;tf8b' ir&f8.Ztl 

h. m^wmsme* i>±t;6b' <do*>. m 
my-hifmMbtix^&iiWMi* mmmztmi 
xytf&xztv&^tf. ^tim^mmz^mi-^ 
e>tm4*yv-vy?Wftbtiz>. zntmb. mm 
*mmm e a • a xve b ■ «o-au±. fiaev- 



x««6 atsitfluaftKFW ym®6 b t Lxat^r 

SJdfc&S. 4fc. P S*tt!iiJ£ii«7a' i>±tf7 
b 1 £7)3*>. Siffiy-h«fii3tJ:oTSi5*i.TV^a5 

pS^tt!ftl!£li«7ate«J:lX7bfcLTS5. 
[0 137]^ 017 (c) fc^-Tidfc. 

afc e ttf9bS-$j£Lfc&. t3H*yfcJ:tf»Jy 
( p ) 4 * y fc&x-r 4 . t £4 * y^aAMx*^ 

^f-tJSO^eOkeV, H-X»±5X101**^ 
10 5X10 15 cm-2i:-rs. 'J W :*yO&Afllfi£x*vP 
4f-(±4 0*^6 0keV, H-X*{±5 X 1 O 18 ^ 
5xl0 13 cm-2fc-fS. h^^ySAfcioT. ¥ 

^--9-9 a *> j:t^9 b mftt>tLX»tw*m*m 
««g^«?Dfeij^i 1 afcii^i 1 bmmzti 
s. 5p*fi!ftjfi£iJc«8a' tjit^sb- <7>oh. mmy- 

hmmtt:it*H A*1— 9-9 afcitf 9 bt 

titfMvymmMmuKtMtmJi-yv- 

20 ey^ffi)fiS. ^ttmtJcasa' is J: 

1/8 b' <7)-^5J±. +iieV-X««8at3j:tXtt«S 

4W±©«s^tt!|«i5t«i 1 atutn lbt^tt 
5. afflK^e^s^i 1 atjitf 1 1 bi±. -eit-e 
it. mm.^-^mmaxim&^.YXy^ ymmt lx 

AZtuz y y t i . n-mmBSPfmmmm 1 2 

atJiVl 2b«?M. 'J y^Rftiftllfili^gC 

30 ftbti&mmimx'. n-mmm^mmmi 2 

atiitfl 2b{±tM H^*- ;l/9atiJ:V9b<0T^r 

[0138] (m7<Dmmm) ar.mi3^miL 
mmwtmz. xmmmosmmi*. n*** 

)VMO Sm.y 5 '/ i/ a E E P RO MXt>t . 
[ 0 1 3 9 ] 0 1 3fc^$itS«t d fc. ^IJeKSKO^ 

^U3y»«^ P M^«^l«t^)SS<xTV^. 01 
40 3Xii. ^-^^^U-b^U^Ba^nTV^V^ 3S 

mut. z&e>**v±)wm-wz±.izMmztix^ 

[oi40] *»s»sc^b»±. ?mtmmizB& 
zixh*mmmmmmmf$.mmi. 01 2^ 

tz^ximmmu m&immizmmtzzt 

\iZ~th. 

[oi4i] *mmm<D3mt®i i<rmm.t<rmz 
hhmmt. *m.coYv^yfmn>wmmi 2<m 
50 woztiimtmmiiLWL,. *w-xwm>t> 
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*>*>. 

[01421 *mtm&<r>mwx'ii, m^&mft* k 
[0143] mmm£&\vz\i* vm?- y-mms 

£-6*>£>-8V. V-X®«1 UC5K6V, K 

ujymmi i bfcjtfg«t;:ovf9«ffi£[fflniu k 

[ 0 1 4 4 1 hi— f ymiz<?>*.pmxmi6fflm 

#*rmbm*ywancrmiiz. v-xmwjxv 
>*?-yi,z&-oxm-oxtimf^\ zommtzny 

Ttt. Bl7(a)H(c) £#B&LT§lBBLfcSiS 

^mtmm<^m)jmizx-oxmi snmmmttt 
zt#xz&. 

[0 14 5] (®8<0HStJgffi) WF. 014£#!BL 

/HWO v i'aEE PROMT&&. 

[014 6] 014fc*$*l£.k-5fc. *mSffiB<7fF 

wft&^mmm&wte. pm*m#mm*itts%.ttiik 
^V3ymRe>pm*mmmtz&jiListix^h. 01 
4-?»±. &-^**v*>\,iir§emiitix\>^#. m 
mz\i. m.<ox*v*>w t m-muL&mztix^ 

[0147] *mmm<rmm.tm\ 3 const cost 
hhmmt. *§ss<okm ymrmwrni 3<og 

&£nzt>&. 

[oi48] ^mmmmza^x t> . m&vtztbcom? 
wmmmm 6 1> &s.vpmmwmm 7 b 

tt«Jift££. S&5fcJ:tf6<OlSii0g!§<O§gg 

it. wmpmmmebii^pwmmmii 
b<v*mm%£. *w*u 1 x 1 o i9 a»<c> 1x10 

"cm-»*iJ:tfl X 1 0"frt> 1 X 1 0 18 cm-3fcg£ 
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<ot\ pi-<o km y«E*^ss km ymm 1 1 b 
[0149] m$m*zt5^xim®y-bm&5iz- 

6A>£>-8V % y-X«$l lafc5*>&6V s KM 

ymm l bfcjtfvyriygauKOVomEfcitt&ii 
U K ^*/HHfc§!2 £s£*U. h y*^B8Sfc J: ^>T« 
7£#8y*-Kmffi3^y-xM8C3i£ft<. d<o 

#£t. hy*;M«^lS2co^^* £ ^=3r<fi!Htttffiii 
T^S. n-ffifi«S^tt!|irt£ii«12a(0#4 

tfy-x&^iflESr&nu *8£iwta*oy-?*a 

-^BsScoffliSli. K V*;H68I82^)* >y hxw? 
KnyfcJ:tf*-yK*-/MOi^£fl]iH-?-&W\ fiS 

[0 150]OTfc. 018 <a)~(c) £#»&L* 

20 [0151] 018 (a) fc^Jcdfc. Jcffitf 

fiMfUS 5 0 trs^n^^ y 3 ywsi 1 ±fc7 * k \s 

i?Xbrtf-yi2£BtfLLt:&. ^ya^Sfil+fc: 

tm4*y}5&v#ny£&A-?&. 7*k^xw< 
v-xmrntzzmtmoXoizBtfLZtiz. 

*y<oaAftl3[x^df-li3 0M60keV. K— 
X*«lxi0 13 *»^>lxi0 14 cm-2f:L, 
^■V<0^AJll3EX^;kdE f -{i2 0H40keV, K- 
30 X*»Jlxl0 13 *^lxl0 14 cm-ii:-t5. «K0-f 
^■vaEAKioT. vU^^S^lcoaiiicO^^M/^ 

x yn^-y 1 2-ca4?nTv^v^«tna«K^I«H) 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a nonvolatile semiconductor memory and its 

manufacture method. 

[0002] 

[Description of the Prior Art] Flash plate type EEPROM is electrically used widely as a nonvolatile semiconductor 
memory in which writing and elimination are possible. Drawing 1 shows the cross section of the conventional flash 
plate type EEPROM. This equipment is equipped with the laminating gate structure formed on the silicon substrate 
101, and the complicated impurity diffusion structure formed in the silicon substrate 101 as shown in drawing 1 . This 
gate structure is equipped with the tunnel insulator layer 102 formed on the silicon substrate 101, the floating-gate 
electrode 103 formed on the tunnel insulator layer 102, the capacity insulator layer 104 formed on the floating-gate 
electrode 103, and the control gate electrode 105 formed on the capacity insulator layer 104. The insulating sidewalls 
109a and 109b are formed in the side of such laminating gate structures. Impurity diffusion structure has 1st n+ type 
high concentration impurity diffusion layer 1 10 and 2nd n+ type high concentration impurity diffusion layer 1 1 1 in the 
drain side, and p type impurity diffusion layer 1 12 is located in the outside of these impurity diffusion layers 110 and 
1 1 1 . On the other hand, n+ type high concentration impurity diffusion layer 1 13 and n- type low concentration impurit 
diffusion layer 1 14 are formed in the source side. 

[0003] The on-the-strength peak of the direction electric field of channel length formed near the interface of a silicon 
substrate 101 and the tunnel insulator layer 102 is located in a part for the joint between 1st n+ type high concentration 
impurity diffusion layer 1 10 and p type impurity diffusion layer 1 12 at the time of the writing of data. A hot electron is 
formed in this field strength peak position and its near, and it is poured into the floating-gate electrode 103, and is 
accumulated in it. 

[0004] The electron in the floating-gate electrode 103 is drawn out by the tunneling in the tunnel insulator layer 102 in 
n+ type high concentration impurity diffusion layer 1 13 by the side of the source at the time of elimination of data. 
[0005] 

[Problem(s) to be Solved by the Invention] There is a trouble shown below in the above-mentioned conventional 
nonvolatile semiconductor memory. 

[0006] First, as compared with the data drawing speed in DRAM, no less than 2 figures of the speed of the data writing 
in the conventional flash plate type EEPROM are late. For this reason, at the time of data writing, voltage impressed tc 
a drain and a control gate electrode must be made high, and circuitry and a manufacturing process become complicatec 
by it. 

[0007] It is thought that one of the causes that drawing speed is slow is that the efficiency into which a channel hot 
electron is poured to a floating gate is bad. 

[0008] this invention is made in view of the above-mentioned situation, the place made into the purpose improves the 
injection efficiency of a channel hot electron, and it is in offering the nonvolatile semiconductor memory which enable 
improvement in drawing speed, or low-ization of write-in voltage, and its manufacture method. 
[0009] 

[Means for Solving the Problem] The nonvolatile semiconductor memory by this invention The semiconductor region 
of the 1st conductivity type, The insulator layer formed on the aforementioned semiconductor region, and the gate 
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electrode formed on the aforementioned insulator layer, The source field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the drain field of the 2nd conductivity type formed in the aforementioned 
semiconductor region, It is the nonvolatile semiconductor memory equipped with the channel field which is formed in 
the aforementioned semiconductor region and located between the aforementioned source field and the aforementione< 
drain field, the aforementioned gate electrode As for the above of the aforementioned drain field which a part of 
aforementioned drain field is overlapped, and is overlapped by the aforementioned gate electrode part, high impurity 
concentration includes the uniform field of simultaneously regularity along the direction of channel length. 
[0010] With a desirable operation gestalt, the size measured along the aforementioned channel-length direction of the 
aforementioned uniform field of the aforementioned drain field is 50nm or more. 

[001 1] Channel length may be 0.4 micrometers or less, and the size measured along the aforementioned channel -lengtl 
direction of the above of a part of the aforementioned drain field may be 80nm or more. 
[0012] As for the size measured along the aforementioned channel -length direction of the above of a part of the 
aforementioned drain field, it is desirable that it is larger than the thickness of the above of a part of the aforementioned 
drain field. 

[0013] As for the high impurity concentration of the aforementioned uniform field included in the above of the 
aforementioned drain field part, it is desirable that it is lower than the high impurity concentration of the field which th 
aforementioned gate electrode does not overlap among the aforementioned drain fields. 

[0014] The 1st impurity diffusion layer by which the aforementioned drain field was formed in the front face of the 
aforementioned semiconductor region, Connect with the impurity diffusion layer of the above 1st electrically, and the 
2nd impurity diffusion layer with high impurity concentration higher than the high impurity concentration of the 
impurity diffusion layer of the above 1st is included. The above of the aforementioned drain field part is formed from 
the impurity diffusion layer of the above 1st. the impurity diffusion layer of the above 2nd It is desirable to have the 
function for it to be in contact with the wiring which supplies drain voltage to the aforementioned drain field, and to 
transmit the aforementioned drain voltage to the impurity diffusion layer of the above 1st. <BR> [0015] The impurity 
diffusion layer of the above 3rd is formed in the front face of the aforementioned semiconductor region, the 
aforementioned drain field interconnects electrically the impurity diffusion layer of the above 1st, and the impurity 
diffusion layer of the above 2nd, and you may make it have low high impurity concentration rather than the high 
impurity concentration of the impurity diffusion layer of the above 2nd including the 3rd impurity diffusion layer mon 
highly than the high impurity concentration of the impurity diffusion layer of the above 1st. 
[0016] As for a part of impurity diffusion layer [ at least ] of the above 3rd of the aforementioned drain field, being 
overlapped by the aforementioned gate electrode is desirable. 

[0017] With the desirable operation gestalt, the aforementioned channel field contains the impurity diffusion layer of 
the 1st conductivity type formed in the position which touches the above of the aforementioned drain field part, and thi 
impurity diffusion layer of the 1st conductivity type of the above has high impurity concentration higher than the high 
impurity concentration of other portions of the semiconductor region of the 1st conductivity type of the above. 
[0018] You may make it the aforementioned low concentration impurity diffusion layer have low high impurity 
concentration rather than the high impurity concentration of the impurity diffusion layer of the above 3rd including the 
low concentration impurity diffusion layer of the 2nd conductivity type by which the aforementioned drain field was 
prepared between the impurity diffusion layer of the above 2nd, and the aforementioned semiconductor region. 
[0019] The aforementioned channel field contains the impurity diffusion layer of the 1st conductivity type formed in 
the position which touches the above of the aforementioned drain field part, and the impurity diffusion layer of the 1st 
conductivity type of the above may have high impurity concentration higher than the high impurity concentration of th 
semiconductor region of the 1 st conductivity type of the above. 

[0020] Other nonvolatile semiconductor memories by this invention The semiconductor region of the 1st conductivity 
type, and the insulator layer formed on the aforementioned semiconductor region, The gate electrode formed on the 
aforementioned insulator layer, and the source field of the 2nd conductivity type formed in the aforementioned 
semiconductor region, It is formed the drain field of the 2nd conductivity type formed in the aforementioned 
semiconductor substrate, and in the aforementioned semiconductor substrate. It is the nonvolatile semiconductor 
memory equipped with the channel field located between the aforementioned source field and the aforementioned drai: 
field, the aforementioned gate electrode The size measured along the direction of channel length of the above of a part 
of the aforementioned drain field which a part of aforementioned drain field is overlapped, and is overlapped by the 
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aforementioned gate electrode is larger than the longitudinal direction diffusion length of the 2nd conductivity -type 
impurity in the aforementioned drain field. 

[0021] As for the size measured along the direction of channel length of the above of a part of the aforementioned drai 
field overlapped by the aforementioned gate electrode, it is desirable that it is larger than the thickness of the above of 
part of the aforementioned drain field. 

[0022] The above of the aforementioned drain field part may contain the impurity poured in by slanting ion- 
implantation. 

[0023] Channel length may be 0.4 micrometers or less, and the size measured along the aforementioned channel-lengtl 
direction of the above of a part of the aforementioned drain field may be 80nm or more. 

[0024] As for the high impurity concentration of the above of a part of the aforementioned drain field, it is desirable 
that it is lower than the high impurity concentration of the field which the aforementioned gate electrode does not 
overlap among the aforementioned drain fields. 

[0025] The 1st impurity diffusion layer by which the aforementioned drain field was formed in the front face of the 
aforementioned semiconductor region, Connect with the impurity diffusion layer of the above 1st electrically, and the 
2nd impurity diffusion layer with high impurity concentration higher than the high impurity concentration of the 
impurity diffusion layer of the above 1st is included. The above of the aforementioned drain field part is formed from 
the impurity diffusion layer of the above 1st. the impurity diffusion layer of the above 2nd It is desirable to have the 
function for it to be in contact with the wiring which supplies drain voltage to the aforementioned drain field, and to 
transmit the aforementioned drain voltage to the impurity diffusion layer of the above 1st. 

[0026] The impurity diffusion layer of the above 3rd is formed in the front face of the aforementioned semiconductor 
region, the aforementioned drain field interconnects electrically the impurity diffusion layer of the above 1st, and the 
impurity diffusion layer of the above 2nd, and you may make it have low high impurity concentration rather than the 
high impurity concentration of the impurity diffusion layer of the above 2nd including the 3rd impurity diffusion layer 
more highly than the high impurity concentration of the impurity diffusion layer of the above 1st. 
[0027] As for a part of impurity diffusion layer [ at least ] of the above 3rd of the aforementioned drain field, being 
overlapped by the aforementioned gate electrode is desirable. 

[0028] With the desirable operation gestalt, the aforementioned channel field contains the impurity diffusion layer of 
the 1st conductivity type formed in the position which touches the above of the aforementioned drain field part, and thi 
impurity diffusion layer of the 1st conductivity type of the above has high impurity concentration higher than the high 
impurity concentration of the semiconductor region of the 1st conductivity type of the above. 
[0029] You may make it the aforementioned low concentration impurity diffusion layer have low high impurity 
concentration rather than the high impurity concentration of the impurity diffusion layer of the above 3rd including the 
low concentration impurity diffusion layer of the 2nd conductivity type by which the aforementioned drain field was 
prepared between the impurity diffusion layer of the above 2nd, and the aforementioned semiconductor region. 
[0030] With the desirable operation gestalt, the aforementioned channel field contains the impurity diffusion layer of 
the 1st conductivity type formed in the position which touches the above of the aforementioned drain field part, and th« 
impurity diffusion layer of the 1st conductivity type of the above has high impurity concentration higher than the high 
impurity concentration of the semiconductor region of the 1st conductivity type of the above. 
[0031] The nonvolatile semiconductor memory by this invention The semiconductor region of the 1st conductivity 
type, The insulator layer formed on the aforementioned semiconductor region, and the gate electrode formed on the 
aforementioned insulator layer, The source field of the 2nd conductivity type formed in the aforementioned 
semiconductor region, and the drain field of the 2nd conductivity type formed in the aforementioned semiconductor 
region, It is the nonvolatile semiconductor memory equipped with the channel field which is formed in the 
aforementioned semiconductor region and located between the aforementioned source field and the aforementioned 
drain field. The on-the-strength peak position of the direction electric field of channel length formed in the front face o 
the aforementioned semiconductor region at the time of data writing It has shifted toward the core of the 
aforementioned channel field rather than the edge of the aforementioned gate electrode, and, moreover, the shift 
amount is larger than the longitudinal direction diffusion length of the 2nd conductivity-type impurity in the 
aforementioned drain field. 

[0032] The manufacture method of the nonvolatile semiconductor memory by this invention The semiconductor regioi 
of the 1st conductivity type, and the insulator layer formed on the aforementioned semiconductor region, The gate 
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electrode formed on the aforementioned insulator layer, and the source field of the 2nd conductivity type formed in th< 
aforementioned semiconductor region, It is formed in the drain field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the aforementioned semiconductor region. It is the manufacture method of 
the nonvolatile semiconductor memory equipped with the channel field located between the aforementioned source 
field and the aforementioned drain field. Before forming the aforementioned source field and the aforementioned drair 
field, with a mask the aforementioned channel field and the becoming field among the aforementioned semiconductor 
regions A wrap process, The process which forms the 2nd conductivity -type impurity diffusion layer of the 
aforementioned drain field which presupposes a part at least and functions in the field which is not covered with the 
aforementioned mask among the aforementioned semiconductor regions, The process which removes the 
aforementioned mask, and the gate formation process which forms the aforementioned gate electrode as the 
aforementioned 2nd conductivity -type impurity diffusion layer which functions as a part of aforementioned drain field 
reaches in part and covers both aforementioned channel fields are included. The aforementioned gate formation proces 
is performed so that the above of the aforementioned 2nd conductivity-type impurity diffusion layer overlapped by the 
aforementioned gate electrode part may include the uniform field of high-impurity-concentration regularity in a 
longitudinal direction along the direction of channel length. 

[0033] The manufacture method of other nonvolatile semiconductor memories by this invention The semiconductor 
region of the 1st conductivity type, and the insulator layer formed on the aforementioned semiconductor region, The 
gate electrode formed on the aforementioned insulator layer, and the source field of the 2nd conductivity type formed 
in the aforementioned semiconductor region, It is formed in the drain field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the aforementioned semiconductor region. It is the manufacture method of 
the nonvolatile semiconductor memory equipped with the channel field located between the aforementioned source 
field and the aforementioned drain field. Before forming the aforementioned source field and the aforementioned drair 
field, at least the aforementioned channel field, the becoming field and the aforementioned source field, and the 
becoming field with a mask among the aforementioned semiconductor regions A wrap process, The process which 
forms the 2nd conductivity-type impurity diffusion layer of the aforementioned drain field which presupposes a part al 
least and functions in the field which is not covered with the aforementioned mask among the aforementioned 
semiconductor regions, The process which removes the aforementioned mask, and the gate formation process which 
forms the aforementioned gate electrode as covers a part of aforementioned 2nd conductivity -type impurity diffusion 
layer which functions as a part of aforementioned drain field are included. The aforementioned gate formation process 
is performed so that the above of the aforementioned 2nd conductivity-type impurity diffusion layer overlapped by the 
aforementioned gate electrode part may include the uniform field of high-impurity-concentration regularity in a 
longitudinal direction along the direction of channel length. 

[0034] With a desirable operation gestalt, size which the aforementioned gate formation process measured along the 
aforementioned channel -length direction of the aforementioned uniform field of the aforementioned 2nd conductivity- 
type impurity diffusion layer is performed so that it may be set to 50nm or more. 

[0035] The aforementioned gate formation process may be performed so that the size measured along the 
aforementioned channel-length direction of the above of a part of the aforementioned 2nd conductivity -type impurity 
diffusion layer overlapped by the aforementioned gate electrode may be set to 80nm or more. 

[0036] As for the aforementioned gate formation process, it is desirable to perform so that the size measured along the 
aforementioned channel-length direction of the above of a part of the aforementioned 2nd conductivity-type impurity 
diffusion layer overlapped by the aforementioned gate electrode may become larger than the thickness of the above of 
part of the aforementioned 2nd conductivity -type impurity diffusion layer. 

[0037] It is desirable by pouring the 2nd conductivity-type impurity into the aforementioned semiconductor region by 
using the aforementioned gate electrode as a mask at least after formation of the aforementioned gate electrode to 
include further the high-level doping process which completes formation of the aforementioned source field and the 
aforementioned drain field. 

[0038] By pouring in the 2nd conductivity-type impurity by using the aforementioned gate electrode as a mask before 
the aforementioned high-level doping process after formation of the aforementioned gate electrode at the 
aforementioned semiconductor region The process which forms other 2nd conductivity-type impurity diffusion layers 
with high impurity concentration higher than the high impurity concentration of the aforementioned 2nd conductivity- 
type impurity diffusion layer in a self-adjustment target to the aforementioned gate electrode, After forming the 2nd 
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conductivity-type impurity diffusion layer besides the above, you may include further the process which forms a 
sidewall spacer before the aforementioned high-level doping process at the side of the aforementioned gate electrode 
and the gate electrode of the above 2nd. 

[0039] After forming the aforementioned mask, before removing the aforementioned mask, the process which pours th 
1st conductivity-type impurity into the field with which the aforementioned mask is not covered among the 
aforementioned semiconductor regions is included further, and you may make it the aforementioned channel field have 
the impurity diffusion layer of the 1st conductivity type finally by it in the position which touches the aforementioned 
2nd conductivity-type impurity diffusion layer. 

[0040] The nonvolatile semiconductor storage of further others by this invention The semiconductor region of the 1st 
conductivity type, and the insulator layer formed on the aforementioned semiconductor region, The gate electrode 
formed on the aforementioned insulator layer, and the source field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, It is formed in the drain field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the aforementioned semiconductor region. It is the nonvolatile 
semiconductor memory equipped with the channel field located between the aforementioned source field and the 
aforementioned drain field, the aforementioned drain field High impurity concentration meets in the direction of 
channel length. The 1st impurity diffusion layer of simultaneously regularity, The 2nd impurity diffusion layer with 
high impurity concentration higher than the high impurity concentration of the impurity diffusion layer of the above Is 
is included, and the aforementioned gate electrode overlaps a part of whole impurity diffusion layer of the above 1st of 
the aforementioned drain field, and impurity diffusion layer of the above 2nd. 

[0041] The thing of the impurity diffusion layer of the above 1st for which an inversion layer is formed in a front face 
at least at the time of data writing is desirable. 

[0042] The nonvolatile semiconductor memory of further others by this invention The semiconductor region of the 1st 
conductivity type, and the insulator layer formed on the aforementioned semiconductor region, The gate electrode 
formed on the aforementioned insulator layer, and the source field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, It is formed in the drain field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the aforementioned semiconductor region. It is the nonvolatile 
semiconductor memory equipped with the channel field located between the aforementioned source field and the 
aforementioned drain field, the aforementioned drain field The 1st impurity diffusion layer with the high impurity 
concentration which is a grade by which an inversion layer is formed at least in a front face at the time of data writing, 
The 2nd impurity diffusion layer with high impurity concentration higher than the high impurity concentration of the 
impurity diffusion layer of the above 1st is included, and the aforementioned gate electrode overlaps a part of whole 
impurity diffusion layer of the above 1st of the aforementioned drain field, and impurity diffusion layer of the above 
2nd. 

[0043] The nonvolatile semiconductor memory of further others by this invention The semiconductor region of the 1st 
conductivity type, and the insulator layer formed on the aforementioned semiconductor region, The gate electrode 
formed on the aforementioned insulator layer, and the source field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, It is formed in the drain field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the aforementioned semiconductor region. It is the nonvolatile 
semiconductor memory equipped with the channel field located between the aforementioned source field and the 
aforementioned drain field, the aforementioned drain field The high concentration impurity diffusion layer which 
shows fixed drain potential substantially irrespective of the potential of the aforementioned gate electrode, The low 
concentration impurity diffusion layer from which a surface potential distribution changes according to the potential oi 
the aforementioned gate electrode is included, and the aforementioned gate electrode is overlapped at a part of whole 
low concentration impurity diffusion layer of the aforementioned drain field, and aforementioned ******** impurity 
diffusion layer. 
[0044] 

[Embodiments of the Invention] In the nonvolatile semiconductor memory by the invention in this application, the 
position in the semiconductor substrate front face of the pn junction formed between a drain field and a channel field 
has shifted from a gate edge toward the interior of a channel field more greatly than "longitudinal direction diffusion 
length." Since the drain field was formed after gate formation according to the conventional manufacture method, the 
gate overlap portion of a drain field is formed when a pouring impurity is spread in a longitudinal direction in a 
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subsequent process. In this case, the size of an overlap portion is a longitudinal direction diffusion-length grade. 
[0045] The intensity distribution of the horizontal electric field formed in a channel field at the time of data writing 
have a peak near [ above-mentioned ] pn junction. In the invention in this application, the position of the peak is shifte 
to the place which entered the interior of a gate edge shell deep, keeping the peak of this field strength high. 
Consequently, it becomes possible to pour efficiently into a floating gate the hot electron generated in large quantities 
near the peak position of field strength. As for the high impurity concentration of the drain field under a floating gate, 
from a viewpoint of data writing, it is desirable to have the distribution which is missing from a channel field from a 
drain field, and falls steeply. 

[0046] (1st operation gestalt) Below, the 1st operation gestalt of the nonvolatile semiconductor memory by this 
invention is explained, referring to drawing 2 . The storage of this operation gestalt is an n channel MOS type flash 
EEPROM. 

[0047] The nonvolatile semiconductor memory of this operation gestalt is formed in the p type semiconductor field of 
the single-crystal-silicon substrate 1 including a p type semiconductor field (p type high-impurity-concentration: (from 
5x1015 to 5xl016cm-3 [ for example, ])) as shown in drawing 2 . The single-crystal-silicon substrate 1 may contain n 
type well in which the non-illustrated p channel MOS transistor was formed. Drawing, although only the single 
memory cell is indicated for simplification, many memory cells are actually accumulated on the same substrate. On th< 
substrate, the circumference circuit for writing data in these memory cells, or reading data from a memory cell etc. is 
prepared (un-illustrating). 

[0048] Each memory cell is equipped with the tunnel insulator layer (the 1st insulator layer) 2 formed on the silicon 
substrate 1, the floating-gate electrode (1st gate electrode) 3 formed on the tunnel insulator layer 2, the capacity 
insulator layer (the 2nd insulator layer) 4 formed on the floating-gate electrode 3, and the control gate electrode (2nd 
gate electrode) 5 formed on the capacity insulator layer 4. The tunnel insulator layer 2 is preferably formed by 
oxidizing thermally the front face of a silicon substrate 1. Typically, the thickness of the tunnel insulator layer 2 is 
about 8 to about lOnm. The floating-gate electrode 3 is formed for example, from a polycrystal silicon film. The 
thickness of the floating-gate electrode 3 is about 100 to about 200nm typically. The capacity insulator layer 4 may be 
formed for example, from an ONO film. The thickness of the capacity insulator layer 4 is about 15 to about 22nm. The 
control gate electrode 5 is formed for example, from a polycrystal silicon film, and the thickness is about 150 to about 
300nm. These electrodes may be formed from conductive films other than a polycrystal silicon film. 
[0049] This memory cell is equipped with n type source field 11a and drain field 1 lb which were formed in the silicon 
substrate 1, and the channel field which is formed in a silicon substrate 1 and located between source field 11a and 
drain field 1 lb. The high impurity concentration of source field 1 la in this operation gestalt and drain field 1 lb is 
5x1019 to 5xl020cm-3 [ near the front face of a silicon substrate 1 ]. The high impurity concentration of a channel fiel 
is 5x1016 to 5xl017cm-3 [ near the front face of a silicon substrate 1 ]. 

[0050] The floating-gate electrode 3 overlaps a part of drain field 1 lb (an "overlap portion" is called hereafter), and a 
point characteristic of the equipment of this operation gestalt has high impurity concentration in the fixed "uniform 
field" being included in the longitudinal direction along the direction of channel length in this overlap portion. The hig 
impurity concentration in the substrate front face of a uniform field is 5x1019 to 5xl020cm-3. The size (LUNI) 
measured along the direction of channel length of a uniform field is in the range of 50 to lOOnm with this operation 
gestalt. In the case of this operation gestalt, the size (LOVR) measured along the direction of channel length of an 
overlap portion is larger than LUNI about 70nm. Overlap length (LOVR) is equivalent to about 40% of the channel 
length (Lch:400nm) of this operation gestalt. 

[0051] Also in the conventional nonvolatile semiconductor memory, although the floating-gate electrode 103 overlaps 
a part of drain field, the overlap portion is formed, when the impurity poured into the self-adjustment target to the 
floating-gate electrode 103 after formation of the floating-gate electrode 103 carries out thermal diffusion of the inside 
of a silicon substrate 101 to a longitudinal direction. Therefore, the high impurity concentration of the overlap portion 
is decreasing in monotone toward the interior of a channel field from the edge directly under position of the floating- 
gate electrode 103. In other words, the "uniform field" of this operation gestalt does not exist substantially in the OPA 
lap portion in the conventional nonvolatile semiconductor memory. Moreover, in the conventional case, there is overla 
length (Lovr) who measured along the direction of channel length of an overlap portion about 15% or less of channel 
length at most. 

[0052] The floating-gate electrode 3 sets the nonvolatile semiconductor memory of this operation gestalt caudad, it has 



http ://www4 . i pdl . j po. go j p/ cgi -bin/tran_web_cgi_ej j e 



12/9/0 



the impurity profile distinguished from the conventional technology, and the following remarkable effects are attained 
by that 

[0053] In this nonvolatile semiconductor memory, since a part of drain field 1 lb has extended deeply to the 
longitudinal direction under the floating-gate electrode 3, the position (the maximum field strength point) of the on-the 
strength peak of the direction electric field of channel length formed in the front face of a silicon substrate 1 shifts fron 
the edge of the floating-gate electrode 3 toward the center section of the channel field at the time of data writing. 
[0054] Drawing 3 shows typically the cross-section structure of the overlap portion of drain field 1 lb, the impurity 
atom concentration profile of the portion, and the field strength distribution. The surface high impurity concentration 
Nd of a drain field is [ in / the field of length LUNI / toward the center section of the channel field ] simultaneously 
regularity from the drain side edge of the floating-gate electrode 3 at a longitudinal direction. This field is a "uniform 
field." Among overlap portions, in the field except the uniform field, as shown in drawing 3 , the surface high impurity 
concentration Nd of drain field 1 lb is decreasing in monotone toward the center section of the channel field. The deptl 
(junction depth) XJ measured from the semiconductor front face of the pn junction formed between drain field 1 lb an< 
a p type semiconductor field is equivalent to the thickness of drain field 1 lb. With this operation gestalt, the overlap 
length LOVR is larger than this junction depth XJ. The spatial distribution of the intensity E of the direction electric 
field of channel length formed in the interface of a silicon substrate 1 and the tunnel insulator layer 2 at the time of dat 
writing is shown in drawing 3 . According to this operation gestalt located in a part for the joint which a p type 
semiconductor field and a n-type-semiconductor field touch, the peak of this field strength can extend drain field 1 lb 
deeply to a longitudinal direction under the floating-gate electrode 3 in the interface of a silicon substrate 1 and the 
tunnel insulator layer 2, suppressing the fall of high impurity concentration, since the uniform field exists under the 
floating-gate electrode 3. The extension of this drain field may be called "N-extension" on this application 
specifications. If the high impurity concentration of this N-extension is fully high, drain potential will be maintained 
highly and a part for the point of drain field 1 lb will also enlarge the on-the-strength peak of the direction electric fielc 
of channel length in the point of drain field 1 lb. For this reason, the generating rate of the hot electron under the given 
voltage conditions increases. Even if this reduces conversely the voltage given to a drain field, it may bring about the 
hot-electron generating rate of sufficient size. 

[0055] Drawing 4 (a) shows typically the intensity -distribution curve 41 of the direction electric field of channel lengtl 
formed near the front face of a silicon substrate 1 in this operation gestalt. Drawing 4 (b) shows typically the intensity- 
distribution curve 43 of the direction electric field of channel length formed in the front face of a silicon substrate 101 
in the conventional nonvolatile semiconductor memory of drawing 1 . According to this operation gestalt, the position 
P of the on-the-strength peak of the direction electric field of channel length formed in the front face of a silicon 
substrate 1 can be brought close to the center section of the channel field from the gate edge O, and, moreover, the 
height of the peak can be greatly maintained so that drawing 4 (a) and (b) may show. Consequently, the floating-gate 
electrode 3 will cover the generating field of a hot electron widely, and it becomes possible to catch the generated hot 
electron by the floating-gate electrode 3 efficiently. When position P* of a field strength peak is located near the gate 
edge O like before, a part of generated hot electron is injected into the floating-gate electrode 103, but it is thought thai 
most is flowing into the drain field 1 10. On the other hand, with this operation gestalt, the position which a hot electroi 
generates is intentionally shifted in the direction of a center section of a channel field near the edge of the floating-gate 
electrode 3, and since many of hot electrons generated by it can be made to inject into the floating-gate electrode 3, an 
injection efficiency is improved remarkably. 

[0056] In addition, since the potential of the edge of drain field 1 lb will fall when the high impurity concentration in a 
overlap portion is decreasing in monotone along the direction of channel length if it puts in another way when the 
overlap portion does not have the "uniform field", only a low electric-field peak as shown in the dashed line 42 of 
drawing 4 (a) is acquired. 

[0057] According to the equipment of this operation gestalt, write-in operation is performed where the voltage of 0V i: 
impressed to 5V and the control gate electrode 5 from 7 for example, at drain field 1 lb at 9 V and source field 11a and 
silicon substrate 1. In this case, the electron which came out of source field 1 la acquires energy from the direction 
electric field of channel length in a channel field, moving toward drain field 1 lb in the inside of a channel field, serves 
as a hot electron in the high electric-field field in the edge of drain field 1 lb, and is injected into the floating-gate 
electrode 3 over the obstruction between a silicon substrate 1 and the tunnel insulator layer 2. As mentioned above, 
according to the equipment of this operation gestalt, the high impurity concentration in the overlap portion by the 
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floating-gate electrode 3 of drain field 1 lb is high in comparison, and, moreover, overlap length is long. For this 
reason, since electronic energy becomes high enough, the high electron of energy is efficiently injected into the 
floating-gate electrode 3 in the position greatly shifted from directly under [ of the floating-gate electrode 3 / edge ] 
toward the center section of the channel field. 

[0058] According to this nonvolatile semiconductor memory, from the control gate electrode -6, elimination operation 
is performed [ 5 ] by -8V and drain field 1 lb at 5 to 6V, source field 1 la, and a silicon substrate 1, where the voltage o 
0V is impressed. In this case, the tunnel current which flows the inside of the tunnel insulator layer 2 draws out the 
electron in the floating-gate electrode 3 to drain field 1 lb. Since an electronic tunnel phenomenon is produced in the 
portion in which the strongest electric field within the tunnel insulator layer 2 are formed, in the state of [ above- 
mentioned ] voltage impression, electronic drawing happens in the drain side edge portion of the floating-gate electrod 
3. Since the position of the electron injection at the time of write-in operation differs from the tunneling position of the 
electron at the time of elimination operation, there is little degradation of the tunnel insulator layer 2, and it is excellen 
in reliability. In addition, elimination operation can also be performed by drawing out the electron accumulated at the 
floating-gate electrode 3 to source field 1 la. 

[0059] Below, the manufacture method of the equipment of this operation gestalt is explained, referring to drawing 5 
(a) -(d). 

[0060] First, as shown in drawing 5 (a), the wrap mask 51 is formed for the portion which serves as a channel field 
among the front faces of a silicon substrate 1. This mask 51 may be the resist pattern formed for example, at the 
lithography process. It is desirable to protect the front face of a silicon substrate 1 by the thin oxide film 50 before 
formation of a mask 51. The size of the mask 51 measured along the direction of channel length is 0.3 to 0.4 
micrometers. 

[0061] Next, arsenic (As) ion is poured in as an n type impurity to the field with which a mask 5 1 is not covered amoni 
the front faces of a silicon substrate 1. The acceleration energy of an ion implantation is 20 to 40keV(s), and a dose is 
5x1014 to 5xl015cm-2. In this way, as shown in drawing 5 (b), source field 1 la and drain field 1 lb are formed in a 
substrate 1. 

[0062] After removing a mask 51 and the protection oxide film 50, as shown in drawing 5 (c), the tunnel insulator laye 
2 is formed in the front face of the semiconductor substrate 1 by the oxidizing [ thermally ] method. Then, 1st 
polycrystal silicon film 3 1 used as the floating-gate electrode 3 is deposited on the tunnel insulator layer 2 by the 
chemical vapor growth. After forming the capacity insulator layer 4 on 1st polycrystal silicon film 3', 2nd polycrystal 
silicon film 5 ! used as the control gate electrode 5 is deposited on the capacity insulator layer 4 by the chemical vapor 
growth. 

[0063] next, the resist mask 52 which specifies the pattern of a gate electrode using well-known lithography technolog 
as shown in drawing 5 (d) - 2nd polycrystal silicon film 5' - after forming upwards, patterning of the 2nd polycrystal 
silicon film, the capacity insulator layer 4, and polycrystal silicon film 3of ** 1st' is carried out one by one using well- 
known dry etching technology In this way, the equipment of drawing 2 is formed. 

[0064] In addition, the resist mask 52 is formed so that a part of source field 1 la [ a part of], channel field, and drain 
field 1 lb may be covered. The portion covered with the resist mask 52 among drain field 1 lb specifies the size (overla 
length LOVR) of the overlap portion of drain field 1 lb. 

[0065] Annealing for impurity activation is performed in the arbitrary stages after pouring of the above-mentioned n 
type impurity ion. By this annealing, n type impurity contained in source field 1 la and drain field 1 lb is diffused on al 
sides. Although it changes with the conditions of the above-mentioned annealing and other elevated-temperature 
processes, the diffusion length is smaller than 50nm, when manufacturing the equipment of this operation gestalt. This 
value is smaller than the size measured along the direction of channel length of an overlap portion, i.e., overlap length, 
(Lovr). Moreover, since it is formed with the impurity which the overlap portion of this operation gestalt is not by 
longitudinal direction diffusion, and was poured in from the front face of a silicon substrate 1, fixed "uniform field" 
will be included for high impurity concentration in a longitudinal direction along the direction of channel length in an 
overlap portion. In addition, it cannot be overemphasized that the high impurity concentration of a "uniform field" is 
changing from the front face of a silicon substrate 1 along the depth direction. The overlap portion contains at the edge 
the portion from which high impurity concentration changes with the longitudinal direction diffusion of an impurity 
other than a uniform field along the direction of channel length. 

[0066] According to the manufacture method of this operation gestalt, source field 1 la and drain field 1 lb are formed . 
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before formation of the floating-gate electrode 3. It becomes possible to arrange the overlap portion to which high 
impurity concentration includes the "uniform field" of simultaneously regularity in a longitudinal direction along the 
direction of channel length by this under the floating-gate electrode 3. Since an overlap portion is formed like before o 
longitudinal direction diffusion of the impurity into which the gate electrode was poured as a mask when forming 
source field 1 la and drain field 1 lb after formation of the floating-gate electrode 3, the high impurity concentration of 
an overlap portion will fall in monotone along the direction of channel length. Moreover, when based on the 
conventional manufacture method, the size (LOVR) measured along the direction of channel length of an overlap 
portion is only the diffusion-length grade of the impurity of drain field 1 lb. In addition, also by the method of this 
operation gestalt, since an impurity is diffused in a level longitudinal direction, a uniform field functions as a source oi 
supply of an impurity to an uneven field. For this reason, it is strictly thought also inside a uniform field that high 
impurity concentration is decreasing slightly toward a channel field. 

[0067] Actually, the layer insulation film which is not illustrated is covered with the equipment of drawing 2 , and it is 
electrically connected to the non-illustrated circumference circuit by the wiring formed in the top in the layer insulatio: 
film. A well-known thing can be used for the structure of these layer insulation films, wiring, and a circumference 
circuit. 

[0068] According to such a nonvolatile semiconductor memory, write-in voltage can also be made low instead of 
making drawing speed quick (to for example, 10 or less nanoseconds) (for example, less than [ 4.0V ]). Moreover, 
since the distribution of high impurity concentration has almost symmetrical structure to the field which crosses the 
center section of the channel field perpendicularly, by controlling the voltage impressed to either the source/drain, it 
writes in and it becomes possible to perform elimination and readout operation. This raises the flexibility of a circuit 
design remarkably. 

[0069] (2nd operation gestalt) The 2nd operation gestalt of the nonvolatile semiconductor memory by this invention is 
explained hereafter, referring to drawing 6 . The storage of this operation gestalt is an n channel MOS type flash 
EEPROM. 

[0070] As shown in drawing 6 , the nonvolatile semiconductor memory of this operation gestalt is formed in the p typ« 
semiconductor field of the single-crystal-silicon substrate 1 including a p type semiconductor field. Although only the 
single memory cell is indicated by drawing 6 , many memory cells are actually accumulated on the same substrate. 
[0071] If the composition of the impurity diffusion layer formed in a semiconductor region is removed, since the 
equipment of this operation gestalt will be the almost same composition as the equipment of drawing 2 , it simplifies 
explanation about the structure common to both, and carries out it to explaining difference in detail. 
[0072] The equipment of drawing 6 is equipped with the tunnel insulator layer 2 formed on the single-crystal-silicon 
substrate 1 including a p type semiconductor field, the floating-gate electrode 3 formed on the tunnel insulator layer 2, 
the capacity insulator layer 4 formed on the floating-gate electrode 3, and the control gate electrode 5 formed on the 
capacity insulator layer 4. 9a and 9b are formed in the side of these gate electrodes 3 and 5 for the insulating sidewall. 
[0073] This equipment is equipped with n- type low concentration source field 6a and n- type low concentration drain 
field 6b which were formed in [ other than n+ type high concentration source field 1 la formed in the silicon substrate 
1, and n+ type high concentration drain field 1 lb ] the silicon substrate 1. The channel field exists between n-mold lov 
concentration source field 6a and n- type low concentration drain field 6b. 

[0074] (1) floating-gate electrode 3 overlaps a part of low concentration drain field 6b, and a point characteristic of thi 
operation gestalt has high impurity concentration in that the fixed "uniform field" is included in the longitudinal 
direction along the direction of channel length, and the high-impurity-concentration twist which is the field (1 lb) whic 
is not overlapped by the floating-gate electrode 3 among drain fields having the low high impurity concentration of (2' 
uniform field in this overlap portion. In other words, the drain field in the storage of this operation gestalt contains the 
high-concentration impurity diffusion layer (1 lb) relatively [ layer / impurity diffusion / (6b) / low-concentration ] 
relatively. 

[0075] With this operation gestalt, the size (LOVR) measured along the direction of channel length of an overlap 
portion is about 130nm, and the size (LUN1) measured along the direction of channel length of a uniform field is abou 
lOOnm. The overlap length LOVR is larger than the thickness (= junction depth Xj= of the portion about 50nm) of an 
overlap portion. Moreover, the high impurity concentration of the field which is not covered by the floating-gate 
electrode 3 among drain fields to the high impurity concentration in the front face of the silicon substrate 1 of an 
overlap portion being lxl018cm-3 to lxl019cm-3 is higher than this, and is three or more [ 1x1020cm - ]. 
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[0076] According to this operation gestalt, high impurity concentration differs between the overlap portion of a drain 
field, and. other portions, and the optimal value can be given independently to each portion. Although a thing high as 
much as possible is desired from a viewpoint of contact resistance reduction, if high impurity concentration of an 
overlap portion is made high to the same extent with the high impurity concentration of a contact field, a hole pours in 
the high impurity concentration of high concentration drain field 1 lb which contacts wiring electrically into the tunnel 
insulator layer 2 at the time of elimination of data, and a possibility that un-arranging [ that the tunnel insulator layer 2 
becomes easy to deteriorate ] may arise is in it. In order to avoid this un-arranging, with this operation gestalt, it has se 
up lowness so that it may become the value of above-mentioned [ the high impurity concentration of an overlap 
portion ] within the limits. 

[0077] It operates like [ the equipment of this operation gestalt ] the equipment of the 1st operation gestalt, and the 
effect by the equipment of the 1st operation gestalt and the same effect are demonstrated, while maintaining [ in 
addition to this effect ] contact resistance of the source/drain low according to this operation gestalt, in order to preven 
degradation of the tunnel insulator layer 2 at the time of elimination operation, the effect that the high impurity 
concentration of an overlap portion can be optimized is acquired 

[0078] Below, the manufacture method of the storage of this operation gestalt is explained, referring to drawing 15 (a) 
(c). 

[0079] First, as shown in drawing 15 (a), after a front face forms the photoresist pattern 12 on the silicon substrate 1 
covered by the protection oxide film 50, arsenic ion is poured in into a silicon substrate 1. Width of face (size measure- 
along the direction of channel length) of the photoresist pattern 12 is set to 0.3 to 0.4 micrometers. In addition, with thi 
operation gestalt, pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set to 5x1013 to 
5xl014cm-2. By this ion implantation, low concentration impurity diffusion layer 6a* and 6b' are formed in the field 
which is not covered by the photoresist pattern 12 on the front face of a semiconductor region. 
[0080] After removing the photoresist pattern 12 and the protection oxide film 50, as shown in drawing 15 (b), the 
laminating gate structure which consists of the tunnel insulator layer 2, the floating-gate electrode 3, a capacity 
insulator layer 4, and a control gate electrode 5 is formed. The process in which this laminating gate structure forms th« 
tunnel insulator layer 2 by the oxidizing [ thermally ] method, The process which deposits the 1st poly crystal silicon 
film used as the floating-gate electrode 3 on the tunnel insulator layer 2 by the chemical vapor growth, The process 
which forms the capacity insulator layer 4 on the 1st poly crystal silicon film, the process which deposits the 2nd 
polycrystal silicon film used as the control gate electrode 5 on the capacity insulator layer 4 by the chemical vapor 
growth, And it is created by a series of manufacture process processes including the process which carries out 
patterning of these multilayers using well-known lithography and etching technology. With this operation gestalt, widt 
of face (size measured along the direction of channel length) of laminating gate structure is set to 0.5 to 0.6 
micrometers. 

[0081] In the lithography process for patterning of the above-mentioned laminating gate structure, position ****** wit 
laminating gate structure, low concentration impurity diffusion layer 6a 1 , and 6b ! is performed so that the grade of 
overlap in the floating-gate electrode 3, low concentration impurity diffusion layer 6a', and 6b f may become 
symmetrical about the flat surface which crosses the center section of the channel field perpendicularly. In the case of 
this operation gestalt, the size (overlap length) of the overlap portion of the floating-gate electrode 3 and low 
concentration impurity diffusion layer 6b f is set to 0.05 to 0.15 micrometers. Although gap of about 0.1 micrometers oi 
less may arise in the above-mentioned alignment, it does not influence a device performance greatly. 
[0082] In addition, there is not necessarily no need that the grade of overlap in the floating-gate electrode 3, low 
concentration impurity diffusion layer 6a', and 6b 1 becomes symmetrical about the flat surface which crosses the centei 
section of the channel field perpendicularly. This is the same about other operation gestalten explained later. 
[0083] Next, arsenic ion is poured into a silicon substrate 1, after forming the insulating sidewall spacers (thickness : 
about 100 to about 150nm) 9a and 9b in the side attachment wall of laminating gate structure using well-known thin 
film deposition technology and etchback technology, as shown in drawing 15 (c). Pouring acceleration energy of 
arsenic ion is set to 30 to 60keV(s), and a dose is set to 5x1014 to 5xl015cm-2. By this ion implantation, the high 
concentration impurity diffusion layers 1 la and 1 lb are formed in fields other than the field in which laminating gate 
structure is prepared among the front faces of a silicon substrate 1. Although arsenic ion is not additionally poured into 
the field covered by laminating gate structure and the sidewall spacer among low concentration impurity diffusion laye 
6a 1 and 6b', arsenic ion doping of a high level is performed in the other field. For this reason, although a part of low 
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concentration impurity diffusion layer 6a' and 6b f will function as low concentration source field 6a and low 
concentration drain field 6b, other portions change to the high concentration impurity diffusion layers 1 la and 1 lb. Th 
high concentration impurity diffusion layers 1 la and lib will function as a high concentration source field and a high 
concentration drain field, respectively. 

[0084] Low concentration source field 6a and low concentration drain field 6b are formed of the impurity ion poured h 
from the semiconductor substrate front face as mentioned above. Thermal diffusion of these impurity ion is carried oul 
at the time of two or more elevated-temperature process processes performed after pouring. For this reason, low 
concentration drain field 6b in the nonvolatile semiconductor memory finally completed becomes thicker than 
immediately after pouring, and the edge spreads slightly toward the center section of the channel field. Moreover, sino 
the impurity in high concentration drain field 1 lb is diffused similarly, the edge spreads slightly toward the center 
section of the channel field, and advances even into the lower part of sidewall spacer 9b. This is similarly produced in 
source field. However, even if such impurity diffusion arises, the uniform field where high impurity concentration 
hardly changes along the direction of channel length exists in the overlap portion of low concentration drain field 6b 
covered by the floating-gate electrode 3. 

[0085] In addition, after formation of the source / drain field is completed, well-known manufacturing processes, such 
as formation of a layer insulation film and formation of a multilayer interconnection, are performed, and a final 
nonvolatile semiconductor memory is manufactured. 

[0086] (3rd operation gestalt) The 3rd operation gestalt of the nonvolatile semiconductor memory by this invention is 
explained hereafter, referring to drawing 7 . The storage of this operation gestalt is also an n channel MOS type flash 
EEPROM. 

[0087] As shown in drawing 7 , the nonvolatile semiconductor memory of this operation gestalt is formed in the p type 
semiconductor field of the single-crystal-silicon substrate 1 including a p type semiconductor field. Although only the 
single memory cell is indicated by drawing 7 , many memory cells are actually accumulated on the same substrate. 
[0088] If the composition of the impurity diffusion layer formed in a semiconductor region is removed, since the 
equipment of this operation gestalt will be the almost same composition as the equipment of drawing 6 , it omits 
explanation about the structure common to both, and carries out it to explaining difference in detail. 
[0089] (1) floating-gate electrode 3 overlaps the point characteristic of this operation gestalt with a part of drain field. 
In this overlap portion, the fixed "uniform field" is included for high impurity concentration in the longitudinal 
direction along the direction of channel length, (2) A drain field The thing of high impurity concentration 
comparatively included for impurity diffusion layer 6b of a low 1st, and 2nd comparatively high impurity diffusion 
layer 1 lb of high impurity concentration, (3) - "of the 1st "whole" impurity diffusion layer 6b and 2nd impurity 
diffusion layer 1 lb - it is in " being overlapped by the floating-gate electrode 3 in part [ and ] 

[0090] In addition, the composition of a source field contains 1st comparatively low impurity diffusion layer 6a of higl 
impurity concentration, and 2nd comparatively high impurity diffusion layer 1 la of high impurity concentration like 
the composition of a drain field, and a part of 1st whole impurity diffusion layer 6a and 2nd impurity diffusion layer 
1 la are overlapped by the floating-gate electrode 3. 

[0091] if the potential of the floating-gate electrode 3 rises on the occasion of data writing (if it goes up to 3.3-5 volts) 
- high impurity concentration — comparatively — impurity diffusion layer 6b of a low 1st — an inversion layer is forme 
in a front face at least From the edge of 2nd impurity diffiision layer 1 lb, this inversion layer is prolonged to a channel 
field, and is located just under the floating-gate electrode 3. By such existence of an inversion layer, the high drain 
potential given to 2nd impurity diffusion layer 1 lb is transmitted, without almost descending until it results in the 
channel field side edge of 1st impurity diffusion layer 6b. 

[0092] Drawing 8 (a) shows the drain field at the time of data writing, and the surface potential (potential) of the near. 
At the time of data writing, the potential in the front face of 1st impurity diffusion layer 6b has a value almost equal to 
the potential (drain potential:, for example, 5 volts) of 2nd impurity diffusion layer 1 lb, and is changing steeply in the 
boundary portion of 1st impurity diffusion layer 6b and a channel field so that drawing 8 (a) may show. Of a steep 
change of such potential, a strong electric-field peak as shown in drawing 4 (a) is formed. 

[0093] With this operation gestalt, the 1st whole impurity diffusion layer 6b is covered by the floating-gate electrode 3 
for this reason, the thing for which right potential is given to the floating-gate electrode 3 - the inversion layer formed 
in 1st impurity diffusion layer 6b is prolonged even from the edge of 2nd impurity diffusion layer 1 lb to a channel 
field, without being disrupted Consequently, while the high potential (drain potential) of 2nd impurity diffusion layer 
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1 lb maintains a high value also within 1st impurity diffusion layer 6b, it will be transmitted even to the portion which 
adjoins a channel field. 

[0094] If it changes from a strong inversion layer to a weak inversion layer and an inversion layer disappears further 
(weakness) by reducing the potential of the floating-gate electrode 3, as shown in drawing 8 (b), the surface potential 
(potential) of 1st impurity diffusion layer 6b will fall as it approaches a channel field. Consequently, the electric field i 
the boundary portion of 1st impurity diffusion layer 6b and a channel field are eased. 

[0095] According to the potential of the floating-gate electrode 3, the potential of 2nd impurity diffusion layer 1 lb is 
transmitted to a source field side, or 1st impurity diffusion layer 6b eases so that it may turn out well that drawing 8 (a 
and (b) are compared. 

[0096] As for the high impurity concentration of 1st impurity diffusion layer 6b, it is desirable that it is the high 
impurity concentration (for example, 5xl017-lxl019cm-3) which is a grade by which an inversion layer is formed in 
the front face of 1st impurity diffusion layer 6b at the time of data writing. Such 1st impurity diffusion layer 6b can 
demonstrate the same function electrically by forming an inversion layer with 2nd impurity diffusion layer 1 lb with 
high high impurity concentration, when the suitable potential for the floating-gate electrode 3 is given. 
[0097] The high high-impurity-concentration portion a drain field indicates fixed drain potential to be substantially 
irrespective of the potential of the floating-gate electrode 3 with this operation gestalt (2nd impurity diffusion layer 
1 lb), According to the potential of the floating-gate electrode 3, surface potential contains the low high-impurity- 
concentration portion (1st impurity diffusion layer 6b) which changes from level equal to drain potential even to low 
level rather than drain potential. And a part of 1st whole impurity diffusion layer 6b and 2nd impurity diffusion layer 
1 lb are overlapped by the floating-gate electrode 3. It becomes possible to form electric field strong against the 
position shifted from the edge of the floating-gate electrode 3 toward the center section of the channel field by such 
composition at the time of data writing. 

[0098] In addition, zero or an electronegative potential is given to the floating-gate electrode 3, supplying high 
potential (drain potential) to 2nd impurity diffusion layer 1 lb at the time of data elimination. In order that 1st impurity 
diffusion layer 6b may ease drain potential at this time, the tunneling between bands by band bending is suppressed, 
and it also becomes possible to avoid the problem that the gate oxide film 2 will carry out the trap of the hole. 
[0099] Next, the manufacture method of the equipment of drawing 7 is explained, referring to drawing 9 (a) and (b). 
[0100] First, as shown in drawing 9 (a), after a front face forms the photoresist pattern 12 on the silicon substrate 1 
covered by the protection oxide film 50, arsenic ion is poured in into a silicon substrate 1 . Width of face (size measures 
along the direction of channel length) of the photoresist pattern 12 is set to 0.3 to 0.4 micrometers. In addition, with thi 
operation gestalt, pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set to 5x1013 to 
5xl014cm-2. By this ion implantation, low concentration impurity diffusion layer 6a f and 6b 1 are formed in the field 
which is not covered by the photoresist pattern 12 on the front face of a semiconductor region. 
[0101] After removing the photoresist pattern 12 and the protection oxide film 50, as shown in drawing 9 (b), the 
laminating gate structure which consists of the tunnel insulator layer 2, the floating-gate electrode 3, a capacity 
insulator layer 4, and a control gate electrode 5 is formed. The process in which this laminating gate structure forms tin 
tunnel insulator layer 2 by the oxidizing [ thermally ] method, The process which deposits the 1st polycrystal silicon 
film used as the floating-gate electrode 3 on the tunnel insulator layer 2 by the chemical vapor growth, The process 
which forms the capacity insulator layer 4 on the 1st polycrystal silicon film, the process which deposits the 2nd 
polycrystal silicon film used as the control gate electrode 5 on the capacity insulator layer 4 by the chemical vapor 
growth, And it is created by a series of manufacture process processes including the process which carries out 
patterning of these multilayers using well-known lithography and etching technology. With this operation gestalt, widti 
of face (size measured along the direction of channel length) of laminating gate structure is set to 0.5 to 0.6 
micrometers. 

[0102] In the lithography process for patterning of the above-mentioned laminating gate structure, position ****** wit 
laminating gate structure, low concentration impurity diffusion layer 6a', and 6b' is performed so that the floating-gate 
electrode 3 may overlap a part of low concentration impurity diffusion layer 6bV In the case of this operation gestalt, 
the size (overlap length) of the overlap portion of the floating-gate electrode 3 and low concentration impurity diffusion 
layer 6b 1 is set to about 100 to 150nm. 

[0103] Next, arsenic ion is poured in by using as a mask laminating gate structure by which patterning was carried out. 
Pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set to 5x1014 to 5xl015cm-2. By this 
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ion implantation, the high concentration impurity diffusion layers 1 la and 1 lb are formed in fields other than the field 
in which laminating gate structure is prepared while on the front face of a semiconductor. Though not overlapped by 
the floating-gate electrode 3 immediately after an ion implantation, since the high concentration impurity diffusion 
layers 1 la and 1 lb are diffused in a longitudinal direction through a subsequent heat treatment process, as shown in 
drawing 9 (b), a part of high concentration impurity diffusion layers 1 la and 1 lb are overlapped by the floating-gate 
electrode 3. Finally, the high concentration impurity diffusion layers 1 la and 1 lb will function as a high concentration 
source field and a high concentration drain field, respectively. 

[0104] Low concentration source field 6a and low concentration drain field 6b are formed of the impurity ion poured ii 
from the semiconductor substrate front face as mentioned above. Thermal diffusion of these impurity ion is carried out 
at the time of two or more elevated-temperature process processes performed after pouring. For this reason, low 
concentration drain field 6b in the nonvolatile semiconductor memory finally completed becomes thicker than 
immediately after pouring, and the edge spreads slightly toward the center section of the channel field. However, even 
if such impurity diffusion arises, the uniform field where high impurity concentration hardly changes along the 
direction of channel length exists in the overlap portion of low concentration drain field 6b covered by the floating-gat 
electrode 3. 

[0105] (4th operation form) The 4th operation form of the nonvolatile semiconductor memory by this invention is 
explained hereafter, referring to drawing 10 . The storage of this operation form is also an n channel MOS type flash 
EEPROM. 

[0106] As shown in drawing 10 , the nonvolatile semiconductor memory of this operation form is formed in the p type 
semiconductor field of the single-crystal-silicon substrate 1 including a p type semiconductor field. Although only the 
single memory cell is indicated by drawing 10 , many memory cells are actually accumulated on the same substrate. 
[0107] If the composition of the impurity diffusion layer formed in a semiconductor region is removed, since the 
equipment of this operation gestalt will be the almost same composition as the equipment of drawing 6 , it omits 
explanation about the structure common to both, and carries out it to explaining difference in detail. 
[0108] (1) floating-gate electrode 3 overlaps the point characteristic of this operation gestalt with a part of drain field. 
In this overlap portion, the fixed "uniform field" is included for high impurity concentration in the longitudinal 
direction along the direction of channel length, and (2) drain field — high impurity concentration - comparatively — th 
[ impurity diffusion layer 6b of a low 1st, 2nd comparatively high impurity diffusion layer 1 lb of high impurity 
concentration, and / the 1st and ] - it is in 3rd impurity diffusion layer 8b prepared between 2 impurity-diffusion layer 
being included in addition, the composition of a source field - the composition of a drain field — the same - high 
impurity concentration - comparatively — the [ impurity diffusion layer 6a of a low 1st, 2nd comparatively high 
impurity diffusion layer 11a of high impurity concentration, and / the 1st and ] - 3rd impurity diffusion layer 8a 
prepared between 2 impurity-diffusion layers is included 

[0109] High impurity concentration is formed from 1st impurity diffusion layer 6b of 1x1018 to lxl019cm-3, and, as 
for most overlap portions of a drain field, 3rd impurity diffusion layer 8b of 2x1018 to 2xl019cm-3 is located by high 
impurity concentration just under sidewall spacer 9b. The 3rd impurity diffusion layer 8a and 8b is partially covered b] 
the floating-gate electrode 3 so that drawing 10 may show. As for the other portion of a drain field, high impurity 
concentration is formed from impurity diffusion layer 1 lof ** three or more [ 1x1020cm - ] 2nd b. 
[01 10] With this operation gestalt, the size (LOVR) measured along the direction of channel length of an overlap 
portion is about 130nm, and the size (LUNI) measured along the direction of channel length of a uniform field is aboui 
lOOnm. The overlap length LOVR is larger than the thickness (= junction depth Xj= of the portion about 50nm) of an 
overlap portion. 

[01 11] It operates like [ the storage of this operation gestalt ] the equipment of the 2nd operation gestalt, and the effect 
by the equipment of the 2nd operation gestalt and the same effect are demonstrated, since it is higher than the case 
where n type high impurity concentration in the field which electronic drawing produces [ in addition to this effect ] 
according to this operation gestalt is equipment of drawing 6 , the effect that elimination efficiency is improved is 
acquired 

[01 12] Below, the manufacture method of the storage of this operation gestalt is explained, referring to drawing 16 (a) 
(c). 

[01 13] First, as shown in drawing 16 (a), after a front face forms the photoresist pattern 12 on the silicon substrate 1 
covered by the protection oxide film 50, arsenic ion is poured in into a silicon substrate 1. Width of face (size measure 
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along the direction of channel length) of the photoresist pattern 12 is set to 0.3 to 0.4 micrometers. In addition, also 
with this operation gestalt, pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set to 
1x1013 to lxl014cm-2. By this ion implantation, low concentration impurity diffusion layer 6a' and 6b ! are formed in 
the field which is not covered by the photoresist pattern 12 of the front face of a silicon substrate 1. 
[01 14] After removing the photoresist pattern 12 and the protection oxide film 50, as shown in drawing 16 (b), the 
laminating gate structure which consists of the tunnel insulator layer 2, the floating-gate electrode 3, a capacity 
insulator layer 4, and a control gate electrode 5 is formed. The process in which this laminating gate structure forms th 
tunnel insulator layer 2 by the oxidizing [ thermally ] method, The process which deposits the 1st poly crystal silicon 
film used as the floating-gate electrode 3 on the tunnel insulator layer 2 by the chemical vapor growth, The process 
which forms the capacity insulator layer 4 on the 1st poly crystal silicon film, the process which deposits the 2nd 
polycrystal silicon film used as the control gate electrode 5 on the capacity insulator layer 4 by the chemical vapor 
growth, And it is created by a series of manufacture process processes including the process which carries out 
patterning of these multilayers using well-known lithography and etching technology. With this operation gestalt, widt 
of face (size measured along the direction of channel length) of laminating gate structure is set to 0.5 to 0.6 
micrometers. 

[0115] In the lithography process for patterning of the above-mentioned laminating gate structure, position ****** wit 
laminating gate structure, low concentration impurity diffusion layer 6a', and 6b' is performed so that the grade of 
overlap in the floating-gate electrode 3, low concentration impurity diffusion layer 6a ! , and 6b' may become 
symmetrical about the flat surface which crosses the center section of the channel field perpendicularly. In the case of 
this operation gestalt, the size (overlap length) of the overlap portion of the floating-gate electrode 3 and low 
concentration impurity diffusion layer 6b' is set to about 100 to 150nm. 

[0116] Next, as shown in drawing 16 (b), arsenic ion is poured in by using as a mask laminating gate structure by 
which patterning was carried out. Pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set 
to 5x1013 to 5xl014cm-2. By this ion implantation, impurity diffusion layer 8a f and 8b' are formed in fields other than 
the field in which laminating gate structure is prepared while on the front face of a semiconductor. Although arsenic io 
is not additionally poured into the field covered by laminating gate structure among low concentration impurity 
diffusion layer 6a ! and 6b', arsenic ion doping of middle level is performed in the other field. For this reason, a part of 
low concentration impurity diffusion layer 6a' and 6b' come to function as low concentration source field 6a and low 
concentration drain field 6b. 

[0117] Next, arsenic ion is poured in, after forming the insulating sidewall spacers 9a and 9b in the side attachment 
wall of laminating gate structure, as shown in drawing 16 (c). Pouring acceleration energy of arsenic ion is set to 30 to 
60keV(s), and a dose is set to 5x1014 to 5x101 5cm-2. By this ion implantation, the high concentration impurity 
diffusion layers 11a and 1 lb are formed in fields other than the field in which laminating gate structure and the sidewa 
spacers 9a and 9b are formed while on the front face of a semiconductor. Although arsenic ion is not additionally 
poured into the field covered by laminating gate structure or the sidewall spacer among impurity diffusion layer 8a' an< 
8b', arsenic ion doping of a high level is performed in the other field. For this reason, although a part of impurity 
diffusion layer 8a 1 and 8b' come to function as inside concentration source field 8a and inside concentration drain field 
8b, other portions change to the high concentration impurity diffusion layers 1 la and 1 lb. The high concentration 
impurity diffusion layers 1 la and 1 lb will function as a high concentration source field and a high concentration drain 
field, respectively. 

[01 18] Low concentration source field 6a and low concentration drain field 6b are formed of the impurity ion poured ii 
from the semiconductor substrate front face as mentioned above. Thermal diffusion of these impurity ion is carried out 
at the time of two or more elevated-temperature process processes performed after pouring. For this reason, low 
concentration drain field 6b in the nonvolatile semiconductor memory finally completed becomes thicker than 
immediately after pouring, and the edge spreads slightly toward the center section of the channel field. Moreover, sino 
the impurity in inside concentration drain field 8b is diffused similarly, the edge spreads slightly toward the center 
section of the channel field, and advances even into the lower part of the floating-gate electrode 3. This is similarly 
produced in a source field. However, even if such impurity diffusion arises, the uniform field where high impurity 
concentration hardly changes along the direction of channel length exists in the overlap portion of low concentration 
drain field 6b covered by the floating-gate electrode 3. Consequently, it becomes possible to tell even a part for the 
joint of a channel field and low concentration drain field 6b, maintaining highly the potential level supplied to high 
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concentration drain field 1 lb through wiring in comparison. By this, a strong horizontal electric-field peak can be 
Formed now in the position near a center section among the semiconductor surface fields covered by the floating-gate 
electrode 3. 

[01 19] In addition, after formation of the source / drain field is completed, well-known manufacturing processes, such 
as formation of a layer insulation film and formation of a multilayer interconnection, are performed, and a final 
nonvolatile semiconductor memory is manufactured. 

[0120] (5th operation gestalt) The 5th operation gestalt of the nonvolatile semiconductor memory by this invention is 
explained hereafter, referring to drawing 1 1 . The storage of this operation gestalt is also an n channel MOS type flash 
EEPROM. 

[0121] As shown in drawing 1 1 , the nonvolatile semiconductor memory of this operation gestalt is formed in the p 
type semiconductor field of the single-crystal-silicon substrate 1 including a p type semiconductor field. Although only 
the single memory cell is indicated by drawing 1 1 , many memory cells are actually accumulated on the same substrate 

[0122] If the composition of the impurity diffusion layer formed in a semiconductor region is removed, since the 
equipment of this operation gestalt will be the almost same composition as the equipment of drawing 10 , it omits 
explanation about the structure common to both, and carries out it to explaining difference in detail. 
[0123] (1) floating-gate electrode 3 overlaps the point characteristic of this operation gestalt with a part of drain field. 
In this overlap portion, the fixed "uniform field" is included for high impurity concentration in the longitudinal 
direction along the direction of channel length, (2) High impurity concentration comparatively The impurity diffusion 
layer of a low 1st, [ a drain field ] the [ the 2nd comparatively high impurity diffusion layer of high impurity 
concentration, and / the 1st and ] - the 3rd impurity diffusion layer prepared between 2 impurity-diffusion layers is 
included — And (3) channel field is in the thing by which it was formed in the position which touches the overlap 
portion of a drain field and which is relatively included for high-concentration p type impurity diffusion layer 7b. The 
high impurity concentration of p type impurity diffusion layer 7b of this operation gestalt is 2x1017 to 1x101 8cm-3. 
[0124] It operates like [ the storage of this operation gestalt ] the equipment of the 4th operation gestalt, and the effect 
by the equipment of the 4th operation gestalt and the same effect are demonstrated. In addition to this effect, according 
to this operation gestalt, existence of p type semiconductor field 7b can increase the field strength formed in a drain 
edge as compared with the case of the above-mentioned operation gestalt, and can raise further the electron-injection 
efficiency at the time of data writing by it. 

[0125] What is necessary is to pour in p type impurity ion, such as boron (B), to a silicon substrate 1, and just to add 
the process which forms p type impurity diffusion layers 7a and 7b by it, after carrying out the mask of the front face o 
a silicon substrate 1 in the manufacture method of the 4th operation gestalt by the photoresist pattern 12 shown in 
above-mentioned drawing 16 (a), in order to manufacture the equipment of this operation gestalt. Even if it carries out 
before the pouring process of n type impurity ion for the low concentration impurity diffusion layers 6a and 6b, you 
may perform the pouring process of this p type impurity ion behind. For example, acceleration energy is [ 20 to 40keV 
(s) and the pouring dose of the pouring conditions of p type impurity ion ] 5x1012 to 5xl013ccm-2. 
[0126] (6th operation gestalt) The 5th operation gestalt of the nonvolatile semiconductor memory by this invention is 
explained hereafter, referring to drawing 12 . The storage of this operation gestalt is also an n channel MOS type flash 
EEPROM. 

[0127] As shown in drawing 12 , the nonvolatile semiconductor memory of this operation gestalt is formed in the p 
type semiconductor field of the single-crystal-silicon substrate 1 including a p type semiconductor field. Although only 
the single memory cell is indicated by drawing 9 , many memory cells are actually accumulated on the same substrate. 
[0128] If the composition of the impurity diffusion layer formed in a semiconductor region is removed, since the 
equipment of this operation form will be the almost same composition as the equipment of drawing 1 1 , it omits 
explanation about the structure common to both, and carries out it to explaining difference in detail. 
[0129] (1) floating-gate electrode 3 overlaps the point characteristic of this operation form with a part of drain field. In 
this overlap portion, the fixed "uniform field" is included for high impurity concentration in the longitudinal direction 
along the direction of channel length, (2) A drain field 1st comparatively low impurity diffusion layer 6b of high 
impurity concentration, the [ 2nd comparatively high impurity diffusion layer 1 lb of high impurity concentration, and , 
the 1st and ] - 3rd impurity diffusion layer 8b prepared between 2 impurity-diffusion layers is included - (3) The thin; 
by which it was formed in the position where a channel field touches the overlap portion of a drain field and which is 
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relatively included for high-concentration p type impurity diffusion layer 7b, (4) - it is in n- type low concentration 
impurity diffusion layer 12b prepared between 2nd impurity diffusion layer 1 lb and the p type semiconductor field 
being included [ and ] 

[0130] This n- type low concentration impurity diffusion layer 12b has low high impurity concentration rather than the 
high impurity concentration of 3rd impurity diffusion layer 8b. In addition, the high impurity concentration of p type 
impurity diffusion layer 7b of this operation gestalt is 2x1017 to lxl018cm-3 in a substrate surface field, and the high 
impurity concentration of n- type low concentration impurity diffusion layer 12b is lxl016cm-3 to lxl019cm-3. 
[0131] It operates like [ the storage of this operation gestalt ] the equipment of the 5th operation gestalt, and the effect 
by the equipment of the 5th operation gestalt and the same effect are demonstrated. In addition to this effect, according 
to this operation gestalt, existence of n- type low concentration impurity diffusion layer 12b raises drain pressure- 
proofing, and reduces the parasitic capacitance of junction. Moreover, since pressure-proofing of drain junction is 
large, a leakage current decreases at the time of data elimination, and reduction of power consumption is attained. 
Reduction of a leakage current suppresses the hot electron to the tunnel insulator layer 2, and pouring of a hot hole, am 
raises reliability further. 

[0132] Below, the manufacture method of the storage of this operation gestalt is explained, referring to drawing 17 (a) 
(c). 

[0133] First, as shown in drawing 17 (a), after a front face forms the photoresist pattern 12 on the silicdn substrate 1 
covered by the protection oxide film 50, arsenic ion and boron are poured in into a silicon substrate 1. Width of face 
(size measured along the direction of channel length) of the photoresist pattern 12 is set to 0.3 to 0.4 micrometers. In 
addition, with this operation gestalt, pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), a dose sets to 
1x1013 to lxl014cm-2, pouring acceleration energy of boron ion is set to 20 to 40keV(s), and a dose is set to 5x1012 
to 5xl013cm-2. this - an ion implantation - a silicon substrate - one - a front face - a photoresist - a pattern - 12 - 
covering - having -****- a field - low concentration - impurity diffusion - a layer - six - a - ' - and ~ six ~ b - 
1 - and - p - type - impurity diffusion - a layer - seven - a - ' - and - seven - b — 1 - forming - having . an ion 
implantation - conditions » a silicon substrate - one - a front face - it can set - n - type - high impurity 
concentration - p ~ type - high impurity concentration - large - becoming - making - while - a substrate - a front 
face - from - having measured - low concentration — impurity diffusion - a layer - six - a - 1 - and — six — b — 1 - 
junction - the depth - a substrate - a front face - from - having measured - p - type - impurity diffusion - a layer 
- seven — a - ' - 

[0134] After removing the photoresist pattern 12 and the protection oxide film 50, as shown in drawing 17 (b), the 
laminating gate structure which consists of the tunnel insulator layer 2, the floating-gate electrode 3, a capacity 
insulator layer 4, and a control gate electrode 5 is formed. The process in which this laminating gate structure forms th 
tunnel insulator layer 2 by the oxidizing [ thermally ] method, The process which deposits the 1st poly crystal silicon 
film used as the floating-gate electrode 3 on the tunnel insulator layer 2 by the chemical vapor growth, The process 
which forms the capacity insulator layer 4 on the 1st polycrystal silicon film, the process which deposits the 2nd 
polycrystal silicon film used as the control gate electrode 5 on the capacity insulator layer 4 by the chemical vapor 
growth, And it is created by a series of manufacture process processes including the process which carries out 
patterning of these multilayers using well-known lithography and etching technology. With this operation gestalt, widt 
of face (size measured along the direction of channel length) of laminating gate structure is set to 0.5 to 0.6 
micrometers. 

[0135] In the lithography process for patterning of the above-mentioned laminating gate structure, position ****** wi1 
laminating gate structure, low concentration impurity diffusion layer 6a ! , and 6b' is performed so that the grade of 
overlap in the floating-gate electrode 3, low concentration impurity diffusion layer 6a f , and 6b' may become 
symmetrical about the flat surface which crosses the center section of the channel field perpendicularly. In the case of 
this operation gestalt, the size (overlap length) of the overlap portion of the floating-gate electrode 3 and low 
concentration impurity diffusion layer 6b f is set to 0.05 to 0.15 micrometers. 

[0136] Next, as shown in drawing 17 (b), arsenic ion is poured in by using as a mask laminating gate structure by 
which patterning was carried out. Pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set 
to 5x1013 to 5xl014cm-2. By this ion implantation, n type impurity diffusion layer 8a' and 8b* are formed in fields 
other than the field in which laminating gate structure is prepared while on the front face of a semiconductor. Althougl 
arsenic ion is not additionally poured into the field covered by laminating gate structure among low concentration 
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impurity diffusion layer 6a f and 6b', arsenic ion doping of middle level is performed in the other field. For this reason, ; 
part of low concentration impurity diffusion layer 6a' and 6b* come to function as low concentration source field 6a an< 
low concentration drain field 6b. Moreover, the portion covered by the floating-gate electrode 3 among p type impuritj 
diffusion layer 7a' and 7b 1 remains as p type impurity diffusion layers 7a and 7b. 

[0137] Next, as shown in drawing 17 (c), after forming the insulating sidewall spacers 9a and 9b in the side attachmenl 
wall of laminating gate structure, arsenic ion and the Lynn (P) ion are poured in. Pouring acceleration energy of arseni* 
ion is set to 30 to 60keV(s), and a dose is set to 5x1014 to 5xl015cm-2. Pouring acceleration energy of phosphorus ior 
is set to 40 to 60keV(s), and a dose is set to 5x1012 to 5xl013cm-2. By the arsenic ion implantation, the high 
concentration impurity diffusion layers 1 la and 1 lb are formed in fields other than the field in which laminating gate 
structure and the sidewall spacers 9a and 9b are formed while on the front face of a semiconductor. Although arsenic 
ion is not additionally poured into the field covered by laminating gate structure or the sidewall spacers 9a and 9b 
among impurity diffusion layer 8a f and 8b 1 , arsenic ion doping of a high level is performed in the other field. For this 
reason, although a part of impurity diffusion layer 8a 1 and 8b' come to function as inside concentration source field 8a 
and inside concentration drain field 8b, other portions change to the high concentration impurity diffusion layers 1 la 
and 1 lb. The high concentration impurity diffusion layers 1 la and 1 lb will function as a high concentration source 
field and a high concentration drain field, respectively. Moreover, n- type low concentration impurity diffusion layers 
12a and 12b are formed of Lynn poured in by the above-mentioned ion implantation. Since the impurity diffusion 
coefficient of Lynn is larger than an arsenic impurity diffusion coefficient, it is the heat treatment process performed 
after pouring, and n- type low concentration impurity diffusion layers 12a and 12b are extended also under the 
sidewalls 9a and 9b. 

[0138] (7th operation gestalt) The 7th operation gestalt of the nonvolatile semiconductor memory by this invention is 
explained hereafter, referring to drawing 13 . The storage of this operation gestalt is also an n channel MOS type flash 
EEPROM. - — 

[0139] As shown in drawing 13 , the nonvolatile semiconductor memory of this operation gestalt is formed in the p 
type semiconductor field of a single-crystal-silicon substrate including a p type semiconductor field. Although only th< 
single memory cell is indicated by drawing 13 , many memory cells are actually accumulated on the same substrate. 
[0140] If the unsymmetrical composition of the impurity diffusion layer formed in a semiconductor region is removed, 
since the equipment of this operation gestalt will be the almost same composition as the equipment of drawing 12 , it 
omits explanation about the structure common to both, and carries out it to explaining difference in detail. 
[0141] The structure of the drain field of this equipment has the difference it is different between the equipment of this 
operation gestalt, and the equipment of drawing 12 in the point of having the structure where p type impurity diffusion 
layer 7a was removed from the source field in it of the equipment of drawing 12 while it had the same structure. 
[0142] With the equipment of this operation gestalt, write-in operation can be performed by the drain side, and a sourc 
side can perform elimination operation. For this reason, field strength to form can be enlarged further and it is possible 
to raise an injection efficiency further by it. 

[0143] The voltage of 0V is impressed [ 5 ] to 5 to 6V, drain field 1 lb, and a substrate from the control gate electrode 
6 at -8V and source field 1 la at the time of elimination operation, and the tunnel current which flows the tunnel 
insulator layer 2 draws out an electron from the floating-gate electrode 3 to a source field. In this case, electronic 
tunneling arises in the portion with the strongest field strength formed in the tunnel insulator layer 2 under the above- 
mentioned voltage impression conditions. Since electronic drawing is performed in a source field, it becomes a 
different place from writing (electronic pouring), and degradation of the tunnel insulator layer 2 is excellent in 
reliability few. 

[0144] In addition, what is necessary is just to cover the source side with the resist pattern before the impurity ion- 
implantation process for forming p type impurity diffusion layer 7b, in order to prepare p type impurity diffusion layer 
7b only in a drain side. Except this point, the equipment of drawing 13 can be manufactured by the manufacture 
method explained with reference to (c) from drawing 17 (a), and the same manufacture method. 
[0145] (Operation gestalt of the octavus) The operation gestalt of the octavus of the nonvolatile semiconductor memor 
by this invention is explained hereafter, referring to drawing 14 . The storage of this operation gestalt is also an n 
channel MOS type flash EEPROM. 

[0146] As shown in drawing 14 </A> the nonvolatile semiconductor memory of this operation gestalt is formed in tht 
p type semiconductor field of a single-crystal -silicon substrate including a p type semiconductor field. Although only 
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the single memory cell is indicated by drawing 14, many memory cells are actually accumulated on the same substrate 
tO 147] The structure of the drain field of this equipment has the difference it is different between the equipment of this 
operation gestalt, and the equipment of drawing 13 in the point of having the structure where low concentration 
impurity diffusion layer 6a was further removed from the source field in it of the equipment of drawing 13 while it had 
the same structure. 

[0148] Also in this operation gestalt, drawing of the electron for elimination is performed by the source side. For this 
reason, even if the voltage impressed to a drain field is as low as about 5 V and it makes high impurity concentration of 
n- type low concentration impurity diffusion layer 6b and p type impurity diffusion layer 7b higher than the high 
impurity concentration of the equipment of the operation gestalt of the 5th and 6, respectively, the proof-pressure fall 
by the side of a drain hardly becomes a problem. For this reason, with this operation gestalt, the high impurity 
concentration of low concentration impurity diffusion layer 6b and p type impurity diffusion layer 7b is set as 1x1019 
to lxl020cm-3, and lxl018cm-3 from 1x1017, respectively. Since the high impurity concentration of low 
concentration impurity diffusion layer 6b is high, even if it impresses the same drain voltage to high concentration 
drain field 1 lb, the intensity of the electric field formed in a channel field rises, and an injection efficiency improves. 
[0149] In elimination operation, the voltage of 0V is impressed [ 5 ] to -8V and source field 1 la from the control gate 
electrode -6 at 5 to 6V, drain field 1 lb, and a silicon substrate 1, and the tunnel current which flows the tunnel oxide 
film 2 draws out an electron from the floating-gate electrode 3 to a source field. Since electronic drawing is performed 
by the source side also in this case, tunneling arises in a different place from writing (electronic pouring), and 
degradation of the tunnel insulator layer 2 is excellent in reliability few. Moreover, existence of n- type low 
concentration impurity diffusion layer 12a improves pressure-proofing of source junction, and makes small the leakagt 
current at the time of elimination operation. For this reason, reduction of power consumption can be aimed at. Since 
reduction of a leakage current suppresses the hot electron to the tunnel insulator layer 2, and pouring of a hot hole, it 
raises reliability. 

[0150] Below, the manufacture method of the storage of this operation gestalt is explained, referring to drawing 18 (a) 
(c). 

[0151] First, as shown in drawing 18 (a), after a front face forms the photoresist pattern 12 on the silicon substrate 1 
covered by the protection oxide film 50, arsenic ion and boron are poured in into a silicon substrate 1. The width of 
face (size measured along the direction of channel length) of the photoresist pattern 12 is formed so that the portion 
used as the portion and source field which turn into a channel field among active regions may be covered. Pouring 
acceleration energy of arsenic ion is set to 30 to 60keV(s), a dose sets to 1x1013 to lxl014cm-2, pouring acceleration 
energy of boron ion is set to 20 to 40keV(s), and a dose is set to 1x1013 to lx!014cm-2. By this ion implantation, low 
concentration impurity diffusion layer 6b' and p type impurity diffusion layer 7b 1 are formed in the field which is not 
covered by the photoresist pattern 12 of the front face of a silicon substrate 1. 

[0152] After removing the photoresist pattern 12 and the protection oxide film 50, as shown in drawing 18 (b), the 
laminating gate structure which consists of the tunnel insulator layer 2, the floating-gate electrode 3, a capacity 
insulator layer 4, and a control gate electrode 5 is formed. The process in which this laminating gate structure forms th< 
tunnel insulator layer 2 by the oxidizing [ thermally ] method, The process which deposits the 1st poly crystal silicon 
film used as the floating-gate electrode 3 on the tunnel insulator layer 2 by the chemical vapor growth, The process 
which forms the capacity insulator layer 4 on the 1st poly crystal silicon film, the process which deposits the 2nd 
polycrystal silicon film used as the control gate electrode 5 on the capacity insulator layer 4 by the chemical vapor 
growth, And it is created by a series of manufacture process processes including the process which carries out 
patterning of these multilayers using well-known lithography and etching technology. With this operation gestalt, widt 
of face (size measured along the direction of channel length) of laminating gate structure is set to 0.5 to 0.6 
micrometers. 

[0153] In the lithography process for patterning of the above-mentioned laminating gate structure, position ****** Q f 
laminating gate structure and low concentration impurity diffusion layer 6b* is performed so that the grade of overlap ii 
the floating-gate electrode 3 and low concentration impurity diffusion layer 6b' may be set to about 50 to 150nm. 
[0154] Next, as shown in drawing 18 (c), arsenic ion is poured in by using as a mask laminating gate structure by whic 
patterning was carried out. Pouring acceleration energy of arsenic ion is set to 30 to 60keV(s), and a dose is set to 
1x1014 to 5xl014cm-2. By this ion implantation, impurity diffusion layer 8a' and 8b f are formed in fields other than th 
field in which laminating gate structure is prepared while on the front face of a semiconductor. Although arsenic ion is 
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not additionally poured into the field covered by laminating gate structure among low concentration impurity diffusion 
layer 6b 1 , arsenic ion doping of middle level is performed in the other field. For this reason, a part of low concentratior 
impurity diffusion layer 6b 1 comes to function as low concentration drain field 6b. Moreover, the portion covered by 
the floating-gate electrode 3 among p type impurity diffusion layer 7b' remains as p type impurity diffusion layer 7b. 
[0155] Next, as shown in drawing 18 (c), after forming the insulating sidewall spacers 9a and 9b in the side attachmen 
wall of laminating gate structure, arsenic ion and the Lynn (P) ion are poured in. Pouring acceleration energy of arseni 
ion is set to 30 to 60keV(s), and a dose is set to 5x1014 to 5xl015cm-2. Pouring acceleration energy of phosphorus ioi 
is set to 40 to 60keV(s), and a dose is set to 1x1012 to lxl014cm-2. By pouring in arsenic ion, the high concentration 
impurity diffusion layers 1 la and 1 lb are formed in fields other than the field in which laminating gate structure and 
the sidewall spacers 9a and 9b are formed while on the front face of a semiconductor. Although arsenic ion is not 
additionally poured into the field covered by laminating gate structure or the sidewall spacers 9a and 9b among 
impurity diffusion layer 8a 1 and 8b', arsenic ion doping of a high level is performed in the other field. For this reason, 
although a part of impurity diffusion layer 8a f and 8b f come to function as inside concentration source field 8a and 
inside concentration drain field 8b, other portions change to the high concentration impurity diffusion layers 1 la and 
1 lb. The high concentration impurity diffusion layers 1 la and 1 lb will function as a high concentration source field 
and a high concentration drain field, respectively. Moreover, n- type low concentration impurity diffusion layers 12a 
and 12b are formed of poured-in Lynn. 

[0156] As explained above, with the operation gestalt of the octavus, the whole low concentration impurity diffusion 
layer 6b is formed in the position covered by the floating-gate electrode 3 from the 3rd, and, moreover, the high 
concentration impurity diffusion layer for transmitting drain potential to low concentration impurity diffusion layer 6b 
is formed in the position connected with the drain side edge section of low concentration impurity diffusion layer 6b. 
For this reason, when high potential is given to the floating-gate electrode 3 on the occasion of data writing, according 
to the potential of the floating-gate electrode 3, a surface potential distribution as an inversion layer formed just under 
the floating-gate electrode 3, consequently shown in drawing 8 (a) will be formed. 

[0157] Drawing 19 (a) and (b) are drawings showing typically where electronic tunneling arises at the time of data 
writing and data elimination in the nonvolatile semiconductor memory of this invention. The potential given to 
floating-gate electrode 3 grade at the time of data writing and elimination is as being shown in the following table 1 (a 
unit is a bolt). In addition, at the time of data writing, you may give -2-3 volt potential to a substrate. 
[0158] 













0 


+ 3. 3~5 


+ 5 


m*tif m i ) 


0 


0 


+ 1 0 


mam (am 


0 


-5 


+ 5 



An electron is injected into the floating-gate electrode 3 through the path mainly shown by Arrow A from the channel 
side edge section of 1st impurity diffusion layer 6b at the time of data writing. On the other hand, with the structure of 
drawing 19 (a), the electron of the floating-gate electrode 3 is mainly drawn out by 2nd impurity diffusion layer 1 lb 
through the path of Arrow B at the time of data elimination. Moreover, with the structure of drawing 19 (b), the 
electron of the floating-gate electrode 3 is mainly drawn out by 3rd impurity diffusion layer 8b through the path of 
Arrow B at the time of data elimination. 

[0159] Thus, according to the nonvolatile semiconductor memory of this invention, since the position of the electron 
injection at the time of write-in operation differs from the tunneling position of the electron at the time of elimination 
operation, there is little degradation of the tunnel insulator layer 2, and it is excellent in reliability. Moreover, since the 
writing and elimination of data can be performed by the drain side, the circuitry which connects a bit line to a source 
side can be realized, and read-out dace SUTABU is lost. In addition, elimination operation can also be performed by 
drawing out the electron accumulated at the floating-gate electrode 3 to the source fields 8a or 1 la. 
[0160] With each above-mentioned operation gestalt, although the laminating of the control gate electrode 5 is carried 
out above the floating-gate electrode 3 through the capacity insulator layer (the 2nd insulator layer) 4, the nonvolatile 
semiconductor memory of this invention is not limited to a thing with such stack type gate structure. Since the 
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phenomenon which also explained the nonvolatile semiconductor memory which has the structure where a part of 
control gate electrode [ at least ] 5 counters through an insulator layer on a channel field using drawing 8 (a) and (b) 
arises, the same effect as the nonvolatile semiconductor memory which has stack type gate structure is acquired. 
[0161] 

[Effect of the Invention] It becomes possible to shift the on-the-strength peak position of the level longitudinal 
direction electric field formed in a semiconductor region at the time of data writing since a floating-gate electrode 
overlaps a part of drain field according to this invention and the overlap portion includes the field where high impurity 
concentration is fixed in a level longitudinal direction along the direction of channel length to the interior from the 
drain side edge of a floating-gate electrode, and to make a hot electron inject into a floating-gate electrode efficiently 
by it. Consequently, the injection efficiency of a channel hot electron improves and the improvement in drawing speed 
or the fall of write-in voltage is realized. 



[Translation done.] 
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CLAIMS 



[Claim(s)] 

[Claim 1] The above of the aforementioned drain field which it is a nonvolatile semiconductor memory, and the 
aforementioned gate electrode overlaps a part of aforementioned drain field, and is overlapped by the aforementioned 
gate electrode part characterized by providing the following is a nonvolatile semiconductor memory in which high 
impurity concentration includes the uniform field of simultaneously regularity along the direction of channel length. 
The semiconductor region of the 1st conductivity type. The insulator layer formed on the aforementioned 
semiconductor region. The gate electrode formed on the aforementioned insulator layer. The source field of the 2nd 
conductivity type formed in the aforementioned semiconductor region, the drain field of the 2nd conductivity type 
formed in the aforementioned semiconductor region, and the channel field that is formed in the aforementioned 
semiconductor region and located between the aforementioned source field and the aforementioned drain field. 
[Claim 2] The size measured along the aforementioned channel-length direction of the aforementioned uniform field o 
the aforementioned drain field is a nonvolatile semiconductor memory according to claim 1 which is 50nm or more. 
[Claim 3] The nonvolatile semiconductor memory according to claim 1 whose size measured along the aforementionec 
channel -length direction of the above of a part of the aforementioned drain field channel length is 0.4 micrometers or 
less, and is 80nm or more. 

[Claim 4] The size measured along the aforementioned channel-length direction of the above of a part of the 
aforementioned drain field is a larger nonvolatile semiconductor memory according to claim 1 than the thickness of th< 
above of a part of the aforementioned drain field. 

[Claim 5] The high impurity concentration of the aforementioned uniform field included in the above of the 
aforementioned drain field part is a nonvolatile semiconductor memory more nearly given in the low claim 1 than the 
high impurity concentration of the field which the aforementioned gate electrode does not overlap among the 
aforementioned drain fields. 

[Claim 6] The nonvolatile semiconductor memory according to claim 5 characterized by providing the following. The 
aforementioned drain field is the 1st impurity diffusion layer formed in the front face of the aforementioned 
semiconductor region. Connect with the impurity diffusion layer of the above 1st electrically, and the 2nd impurity 
diffusion layer with high impurity concentration higher than the high impurity concentration of the impurity diffusion 
layer of the above 1st is included. The above of the aforementioned drain field part is the function to be formed from 
the impurity diffusion layer of the above 1st, and for the impurity diffusion layer of the above 2nd to be in contact with 
the wiring which supplies drain voltage to the aforementioned drain field, and to transmit the aforementioned drain 
voltage to the impurity diffusion layer of the above 1st. 

[Claim 7] For the impurity diffusion layer of the above 3rd, the aforementioned drain field is a nonvolatile 
semiconductor memory according to claim 6 which is formed in the front face of the aforementioned semiconductor 
region, interconnects electrically the impurity diffusion layer of the above 1st, and the impurity diffusion layer of the 
above 2nd, and has low high impurity concentration rather than the high impurity concentration of the impurity 
diffusion layer of the above 2nd more highly than the high impurity concentration of the impurity diffusion layer of the 
above 1st including the 3rd impurity diffusion layer. 

[Claim 8] A part of impurity diffusion layer [ at least ] of the above 3rd of the aforementioned drain field is the 

nonvolatile semiconductor memory according to claim 7 overlapped by the aforementioned gate electrode. 

[Claim 9] The aforementioned channel field is a nonvolatile semiconductor memory given in any of claims 1-8 which 
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have high impurity concentration higher than the high impurity concentration of the portion of everything [ the 
impurity diffusion layer of the 1st conductivity type formed in the position which touches the above of the 
aforementioned drain field part is included, and / layer / impurity diffusion / of the 1st conductivity type of the above ] 
but the semiconductor region of the 1st conductivity type of the above they are. 

[Claim 10] The aforementioned low concentration impurity diffusion layer is a nonvolatile semiconductor memory 
according to claim 7 which has low high impurity concentration rather than the high impurity concentration of the 
impurity diffusion layer of the above 3rd including the low concentration impurity diffusion layer of the 2nd 
conductivity type by which the aforementioned drain field was prepared between the impurity diffusion layer of the 
above 2nd, and the aforementioned semiconductor region. 

[Claim 1 1] The aforementioned channel field is a nonvolatile semiconductor memory according to claim 10 which 
contains the impurity diffusion layer of the 1st conductivity type formed in the position which touches the above of the 
aforementioned drain field part, and has high impurity concentration with the impurity diffusion layer of the 1st 
conductivity type of the above higher than the high impurity concentration of the semiconductor region of the 1st 
conductivity type of the above. 

[Claim 12] The size measured along the direction of channel length of the above of a part of the aforementioned drain 
field which it is a nonvolatile semiconductor memory, and the aforementioned gate electrode overlaps a part of 
aforementioned drain field, and is overlapped by the aforementioned gate electrode characterized by providing the 
following is a larger nonvolatile semiconductor memory than the longitudinal direction diffusion length of the 2nd 
conductivity-type impurity in the aforementioned drain field. The semiconductor region of the 1st conductivity type. 
The insulator layer formed on the aforementioned semiconductor region. The gate electrode formed on the 
aforementioned insulator layer. The source field of the 2nd conductivity type formed in the aforementioned 
semiconductor region, the drain field of the 2nd conductivity type formed in the aforementioned semiconductor 
substrate, and the channel field that is formed in the aforementioned semiconductor substrate and located between the 
aforementioned source field and the aforementioned drain field. 

[Claim 13] The size measured along the direction of channel length of the above of a part of the aforementioned drain 
field overlapped by the aforementioned gate electrode is a nonvolatile semiconductor memory to the larger claim 12 
than the thickness of the above of a part of the aforementioned drain field. 

[Claim 14] The above of the aforementioned drain field part is a nonvolatile semiconductor memory containing the 
impurity poured in by slanting ion-implantation according to claim 12. 

[Claim 15] The nonvolatile semiconductor memory according to claim 12 whose size measured along the 
aforementioned channel -length direction of the above of a part of the aforementioned drain field channel length is 0.4 
micrometers or less, and is 80nm or more. 

[Claim 16] The high impurity concentration of the above of a part of the aforementioned drain field is a nonvolatile 
semiconductor memory more nearly given in the low claim 12 than the high impurity concentration of the field which 
the aforementioned gate electrode does not overlap among the aforementioned drain fields. 

[Claim 17] The nonvolatile semiconductor memory according to claim 16 characterized by providing the following. 
The aforementioned drain field is the 1st impurity diffusion layer formed in the front face of the aforementioned 
semiconductor region. Connect with the impurity diffusion layer of the above 1st electrically, and the 2nd impurity 
diffusion layer with high impurity concentration higher than the high impurity concentration of the impurity diffusion 
layer of the above 1st is included. The above of the aforementioned drain field part is the function to be formed from 
the impurity diffusion layer of the above 1st, and for the impurity diffusion layer of the above 2nd to be in contact with 
the wiring which supplies drain voltage to the aforementioned drain field, and to transmit the aforementioned drain 
voltage to the impurity diffusion layer of the above 1st. 

[Claim 18] For the impurity diffusion layer of the above 3rd, the aforementioned drain field is a nonvolatile 
semiconductor memory according to claim 16 which is formed in the front face of the aforementioned semiconductor 
region, interconnects electrically the impurity diffusion layer of the above 1st, and the impurity diffusion layer of the 
above 2nd, and has low high impurity concentration rather than the high impurity concentration of the impurity 
diffusion layer of the above 2nd more highly than the high impurity concentration of the impurity diffusion layer of tht 
above 1st including the 3rd impurity diffusion layer. 

[Claim 19] A part of impurity diffusion layer [ at least ] of the above 3rd of the aforementioned drain field is the 
nonvolatile semiconductor memory according to claim 18 overlapped by the aforementioned gate electrode. 
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[Claim 20] The aforementioned channel field is a nonvolatile semiconductor memory given in any of claims 12-19 
-which have high impurity concentration higher than the high impurity concentration of the semiconductor region of th 
1st conductivity type of the above the impurity diffusion layer of the 1st conductivity type formed in the position whic 
touches the above of the aforementioned drain field part is included, and the impurity diffusion layer of the 1st 
conductivity type of the above is. 

[Claim 21] The aforementioned low concentration impurity diffusion layer is a nonvolatile semiconductor memory 
according to claim 18 which has low high impurity concentration rather than the high impurity concentration of the 
impurity diffusion layer of the above 3rd including the low concentration impurity diffusion layer of the 2nd 
conductivity type by which the aforementioned drain field was prepared between the impurity diffusion layer of the 
above 2nd, and the aforementioned semiconductor region. 

[Claim 22] The aforementioned channel field is a nonvolatile semiconductor memory according to claim 21 which 
contains the impurity diffusion layer of the 1st conductivity type formed in the position which touches the above of th< 
aforementioned drain field part, and has high impurity concentration with the impurity diffusion layer of the 1st 
conductivity type of the above higher than the high impurity concentration of the semiconductor region of the 1st 
conductivity type of the above. 

[Claim 23] The on-the-strength peak position of the direction electric field of channel length which are characterized b 
providing the following and which are nonvolatile semiconductor memories and are formed in the front face of the 
aforementioned semiconductor region at the time of data writing has shifted toward the core of the aforementioned 
channel field rather than the edge of the aforementioned gate electrode, and, moreover, the shift amount is a larger 
nonvolatile semiconductor memory than the longitudinal direction diffusion length of the 2nd conductivity-type 
impurity in the aforementioned drain field. The semiconductor region of the 1st conductivity type. The insulator layer 
formed on the aforementioned semiconductor region. The gate electrode formed on the aforementioned insulator layer 
The source field of the 2nd conductivity type formed in the aforementioned semiconductor region, the drain field of th 
2nd conductivity type formed in the aforementioned semiconductor region, and the channel field that is formed in the 
aforementioned semiconductor region and located between the aforementioned source field and the aforementioned 
drain field. 

[Claim 24] The semiconductor region of the 1st conductivity type characterized by providing the following, and the 
insulator layer formed on the aforementioned semiconductor region, The gate electrode formed on the aforementioned 
insulator layer, and the source field of the 2nd conductivity type formed in the aforementioned semiconductor region, 
The manufacture method of the nonvolatile semiconductor memory equipped with the drain field of the 2nd 
conductivity type formed in the aforementioned semiconductor region, and the channel field which is formed in the 
aforementioned semiconductor region and located between the aforementioned source field and the aforementioned 
drain field. The process which covers the aforementioned channel field and the becoming field with a mask among the 
aforementioned semiconductor regions before forming the aforementioned source field and the aforementioned drain 
field. The process which forms the 2nd conductivity-type impurity diffusion layer of the aforementioned drain field 
which presupposes a part at least and functions in the field which is not covered with the aforementioned mask among 
the aforementioned semiconductor regions. The process which removes the aforementioned mask. The above of the 
aforementioned 2nd conductivity -type impurity-diffusion layer part with which the aforementioned gate formation 
process is overlapped by the aforementioned gate electrode meets in the direction of channel length by including the 
gate formation process which forms the aforementioned gate electrode as the aforementioned 2nd conductivity-type 
impurity-diffusion layer which functions as a part of aforementioned drain field reaches in part and covers both 
aforementioned channel fields, and it is the uniform field of high-impurity-concentration regularity in a longitudinal 
direction. 

[Claim 25] The semiconductor region of the 1st conductivity type characterized by providing the following, and the 
insulator layer formed on the aforementioned semiconductor region, The gate electrode formed on the aforementioned 
insulator layer, and the source field of the 2nd conductivity type formed in the aforementioned semiconductor region, 
The manufacture method of the nonvolatile semiconductor memory equipped with the drain field of the 2nd 
conductivity type formed in the aforementioned semiconductor region, and the channel field which is formed in the 
aforementioned semiconductor region and located between the aforementioned source field and the aforementioned 
drain field. The process which covers the aforementioned channel field, the becoming field and the aforementioned 
source field, and the becoming field with a mask at least among the aforementioned semiconductor regions before 
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forming the aforementioned source field and the aforementioned drain field. The process which forms the 2nd 
xonductivity-type impurity diffusion layer of the aforementioned drain field which presupposes a part at least and 
functions in the field which is not covered with the aforementioned mask among the aforementioned semiconductor 
regions. The process which removes the aforementioned mask. The above of the aforementioned 2nd conductivity-typ 
impurity diffusion layer part with which the aforementioned gate formation process is overlapped by the 
aforementioned gate electrode meets in the direction of channel length by including the gate formation process which 
forms the aforementioned gate electrode as covers a part of aforementioned 2nd conductivity-type impurity diffusion 
layer which functions as a part of aforementioned drain field, and it is the uniform field of high-impurity -concentrator 
regularity in a longitudinal direction. 

[Claim 26] The aforementioned gate formation process is the manufacture method of the nonvolatile semiconductor 
memory according to claim 24 performed so that the size measured along the aforementioned channel -length direction 
of the aforementioned uniform field of the aforementioned 2nd conductivity-type impurity diffusion layer may be set t 
50nm or more. 

[Claim 27] The aforementioned gate formation process is the manufacture method of the nonvolatile semiconductor 
memory according to claim 24 performed so that the size measured along the aforementioned channel-length direction 
of the above of a part of the aforementioned 2nd conductivity-type impurity diffusion layer overlapped by the 
aforementioned gate electrode may be set to 80nm or more. 

[Claim 28] The aforementioned gate formation process is the manufacture method of the nonvolatile semiconductor 
memory according to claim 24 performed so that the size measured along the aforementioned channel -length direction 
of the above of a part of the aforementioned 2nd conductivity-type impurity diffusion layer overlapped by the 
aforementioned gate electrode may become larger than the thickness of the above of a part of the aforementioned 2nd 
conductivity-type impurity diffusion layer. 

[Claim 29] The manufacture method of a nonvolatile semiconductor memory according to claim 24 which includes 
further the high-level doping process which completes formation of the aforementioned source field and the 
aforementioned drain field by pouring the 2nd conductivity-type impurity into the aforementioned semiconductor 
region by using the aforementioned gate electrode as a mask at least after formation of the aforementioned gate 
electrode. 

[Claim 30] By pouring in the 2nd conductivity-type impurity by using the aforementioned gate electrode as a mask 
before the aforementioned high-level doping process after formation of the aforementioned gate electrode at the 
aforementioned semiconductor region The process which forms other 2nd conductivity-type impurity diffusion layers 
with high impurity concentration higher than the high impurity concentration of the aforementioned 2nd conductivity- 
type impurity diffusion layer in a self-adjustment target to the aforementioned gate electrode, The manufacture method 
of a nonvolatile semiconductor memory according to claim 29 which includes further the process which forms a 
sidewall spacer before the aforementioned high-level doping process at the side of the aforementioned gate electrode 
and the gate electrode of the above 2nd after forming the 2nd conductivity-type impurity diffusion layer besides the 
above. 

[Claim 3 1] It is the manufacture method of a nonvolatile semiconductor memory given in any of the claims 25-30 
which have the impurity-diffusion layer of the 1st conductivity type by it in the position where the aforementioned 
channel field finally touches the aforementioned 2nd conductivity-type impurity-diffusion layer after forming the 
aforementioned mask, before removing the aforementioned mask, include further the process which pours the 1st 
conductivity-type impurity into the field with which the aforementioned mask is not covered among the 
aforementioned semiconductor regions, and they are. 

[Claim 32] It is the nonvolatile semiconductor memory characterized by providing the following, the aforementioned 
drain field High impurity concentration meets in the direction of channel length. The 1st impurity diffusion layer of 
simultaneously regularity, The 2nd impurity diffusion layer with high impurity concentration higher than the high 
impurity concentration of the impurity diffusion layer of the above 1st is included, the aforementioned gate electrode 
The nonvolatile semiconductor memory which overlaps a part of whole impurity diffusion layer of the above 1st of the 
aforementioned drain field, and impurity diffusion layer of the above 2nd. The semiconductor region of the 1st 
conductivity type. The insulator layer formed on the aforementioned semiconductor region. The gate electrode formed 
on the aforementioned insulator layer. The source field of the 2nd conductivity type formed in the aforementioned 
semiconductor region, the drain field of the 2nd conductivity type formed in the aforementioned semiconductor region. 
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and the channel field that is formed in the aforementioned semiconductor region and located between the 
'aforementioned source field and the aforementioned drain field. 

[Claim 33] The nonvolatile semiconductor memory according to claim 32 characterized by the thing of the impurity 
diffusion layer of the above 1st for which an inversion layer is formed in a front face at least at the time of data writing 

[Claim 34] It is the nonvolatile semiconductor memory characterized by providing the following, the aforementioned 
drain field The 1st impurity diffusion layer with the high impurity concentration which is a grade by which an inversic 
layer is formed at least in a front face at the time of data writing, The 2nd impurity diffusion layer with high impurity 
concentration higher than the high impurity concentration of the impurity diffusion layer of the above 1st is included, 
the aforementioned gate electrode The nonvolatile semiconductor memory which overlaps a part of whole impurity 
diffusion layer of the above 1st of the aforementioned drain field, and impurity diffusion layer of the above 2nd. The 
semiconductor region of the 1st conductivity type. The insulator layer formed on the aforementioned semiconductor 
region. The gate electrode formed on the aforementioned insulator layer. The source field of the 2nd conductivity type 
formed in the aforementioned semiconductor region, the drain field of the 2nd conductivity type formed in the 
aforementioned semiconductor region, and the channel field that is formed in the aforementioned semiconductor regio 
and located between the aforementioned source field and the aforementioned drain field. 
[Claim 35] It is the nonvolatile semiconductor memory which it is the nonvolatile semiconductor memory 
characterized by to provide the following, and the aforementioned drain field contains the high-concentration impurity 
diffusion layer which shows fixed drain potential substantially irrespective of the potential of the aforementioned gate 
electrode, and the low-concentration impurity-diffusion layer from which a surface potential distribution changes 
according to the potential of the aforementioned gate electrode, and overlaps the aforementioned gate electrode at a pa 
of whole low-concentration impurity-diffusion layer of the aforementioned drain field, and aforementioned ******** 
impurity-diffusion layer. The semiconductor region of the 1st conductivity type. The insulator layer formed on the 
aforementioned semiconductor region. The gate electrode formed on the aforementioned insulator layer. The source 
field of the 2nd conductivity type formed in the aforementioned semiconductor region, the drain field of the 2nd 
conductivity type formed in the aforementioned semiconductor region, and the channel field that is formed in the 
aforementioned semiconductor region and located between the aforementioned source field and the aforementioned 
drain field. 



[Translation done.] 
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damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the cross section of the conventional MOS type flash EEPROM. 

[Drawing 2] It is the cross section of the 1st operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 3] Drawing showing typically the cross-section composition in the drain field of the equipment of the 1st 
operation gestalt, high impurity concentration, and a horizontal field strength distribution 

[Drawing 4] Drawing showing typically a horizontal field strength distribution [ in / the drain field of the equipment of 
the 1st operation gestalt / in (a) ] and (b) are drawings showing typically the horizontal field strength distribution in the 
drain field of conventional equipment. 

[Drawing 5] It is a process cross section for (d) explaining the manufacture method of the equipment of drawing 2 fron 
(a). 

[Drawing 6] It is the cross section of the 2nd operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 7] It is the cross section of the 3rd operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 8] (a) is drawing showing the drain field at the time of data writing, and the surface potential (potential) of 
the near, and (b) is drawing showing the drain field when the potential of a floating-gate electrode falling, and the 
surface potential (potential) of the near. 

[Drawing 9] (a) And (b) is a process cross section for explaining the manufacture method of the equipment of drawing 

7. 

[Drawing 10] It is the cross section of the 3rd operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 11] It is the cross section of the 4th operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 12] It is the cross section of the 5th operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

Prawing 13] It is the cross section of the 6th operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 14] It is the cross section of the 7th operation gestalt of the nonvolatile semiconductor memory by this 
invention. 

[Drawing 15] It is a process cross section for (c) explaining the manufacture method of the equipment of drawing 6 
from (a). 

[Drawing 16] It is a process cross section for (c) explaining the manufacture method of the equipment of drawing 7 
from (a). 

[Drawing 17] It is a process cross section for (c) explaining the manufacture method of the equipment of drawing 9 
from (a). 

[Drawing 18] It is a process cross section for (c) explaining the manufacture method of the equipment of drawing 1 1 
from (a). 

[Drawing 19] (a) And (b) is drawing showing typically where electronic tunneling arises at the time of data writing and 
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data elimination in the nonvolatile semiconductor memory of this invention. 
^[Description of Notations] 

1 Single Crystal Semiconductor Substrate 

2 Tunnel Insulator Layer 

3 Suspension Control Gate (FG) 

4 Capacity Insulator Layer 

5 Control Gate Electrode (CG) 



[Translation done.] 
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